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COMPOSITIONS AND METHODS FOR PRODUCING CELLULAR LABELS FOR 
NUCLEAR MAGNETIC RESON ANCE TECHNIQUES 

RELATED APPLICATIONS 

.5 

This- application claims the benefit of pri ority to United States provisional 
application serial numbers 60/959,1 35, filed July "1.0, 3007, .and 6.1/062,7 1 0, filed 
J tmxmy 28, 2008. The disclosures of each of the foregoing applications are hereby 
incorporated by reference in their entirety. 
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BACKGROUND 

Many biological processes are carried out by populations of cells. For example, 
cells of the immune system are recruited from the bloodstream to areas of inflammation or 
mfeeticm, resulting in an accumulation of immune ceils at the affected, site- A marked 

15 Infiltration &t. immune cells often occurs in tissues affected by autoimmune: diseases, 
cancers and infections, Likewise, transplant rejection is mediated by.. host immune cells 
that enter and destroy the transplanted tissue. There is also growing evidence that stem 
ceils 'originating in the hone marrow migrate through the bloodstream 1 and assist in the 
regeneration of damaged tissues. 

20 furthermore^ the mbm immediately promising area of biologic therapy involves the 

emerging field of cellular therapy. Cellular therapy is broadly defined as the treatment of 
human: disease by the administration of therapeutic cells that, have been selected, 
multiplied, and pharmacologically treated outside the body, or ex vivo, These cells may be 
derived from the patient {autologous cells), from another human (allogenic cells), from 

25 other organisms (xenogenk eelisf or from immortahxed cell lines. 

Cells represent the ultimate therapeutic system because of their ability to carry out 
complex functions and then responsiveness fo changes in. the surrounding tissue of host 
organism. In the simplest mode Of cell alar iherapy, ceils can he isolated, grown in quantity 
er vivo, and implanted in patients to produce and secrete soluble factors that directly 

30 address the mechanism of disease. Ceils can also accomplish tasks as complex as 
reeonstirotion of tissues, organs, or immune responses based on their ability to home to 
specific sites within the body, to exit from circulation, and to integrate into specific tissue 
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or differentiate Into sew ttsfue/jCKher |$1$ar Jh^l^tt^ ean be programmed for tumor 
killing or treating metastases; (e.g., immmK>tirerapeuties). 

Although dynamic cell populations play a key rale in significant diseases, present 
technologies for monitoring the location and movement of cells in vivo are quite limited. 
5 Typically, cell movements are monitored only in "snap snots" obtained fey histologics! 
analysis of tissue biopsies, However, thepraeess of sampling a tissue often alters the 
behavior of cells, and only a limited number of luopsies can- he obtained from a particular 
tissue or organ. Some progress has been made studying cell movements via in viiw assays 
and isolated tissues ex-vivo. Existing instrument' for noninvasive analysis of living 

10 organisms are, at present, ill-suited for tracking living cells. Light-based Imaging 

technologies, such as hioluminescenoe (e.g. luciferases) technologies, are often Ineffective 
at visualizing deep $iractures because must mammalian tissues are optical ly opaque. 
Positron emission tomography (PET) techniques using radioaetivelydabeled probes ate 
highly sensiti ve- However, PET instrumentation is often limited to a resolution of several 

1 5 millimeters and is unable to resolve line details of tissues and organs. Furthermore, labeled 
ceils cannot fee detected for time periods that extend beyond a typical PET radioisotope 
ha! f-life, and generally PET is not useful for longitudinal studies. In order to gain n 
fundamental understanding of cellular processes, new ways to visualize and quantify the 
population dynamics of specific cell types in vivo must he developed. 

20 Magnetic resonance imaging (MR!) is a widely used clinical diagnostic tool 

because it is -non- invasive, allows views into optically opaqae subjects, and provides 
contrast among soft lipoes at reasonably high spatial resolution. Conventional MR! 
focuses almost exclusively on visualizing anatomy and has no specificity for any particular 
cell type; The 'probe' used by conventional MR! Is the ubiquitous proton ( S H) in mobile 

25 water molecules. New classes of exogenous MR! probes or reagents are needed to 
facilitate cell-specific imaging in living subjects. 

SUMMARY 

in certain aspects, the ^disclosure provides novel methods and reagents for labeling 
30 cells ex vim with an imaging reagent, such as fluorocarhon imaging reagent that can be 
detected by a nuclear magnetic resonance technique, In certain aspects, the disclosure 
provides methods and software for quantifying the numbers of labeled cells at particular 
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locations in $y»> Cells may be labels with a tafeet including a Swmearhon, for example a 
peTfluoropolyelher (PERE), and since biological tissues Kaye negligible endogenous 
fluorine content, in vivo i9 f MR! cast ptpvide .a»"«ffe^ive-.6ji^«^.of detecting labeled cells. 
In .some embodiments these images ate then saperimpxai^ ^a-panventipn&l ! H MR! to 
5 determine anatomical iocdizattOB- 

Labeled cells may be administered to a subject and subsequently deieeted by 
•nuclear magnetic resonance techniques. Examples of nuclear magnetm resonance (NMR) 
techniques include MM. and localized magoetic resonance speenosccpy (MRS). Because 
nuclear magnetic resonance techniques are generally performed as non-invasive 

1 0 procedures, the labeled cells may be detected at one or 'mem time points m a living subject. 
Labeled cells may also be detected in a cell culture or in essentially any other milieu -on 
which a nuclear magnetic resonance technique can be performed, such as tissue expiaols, 
organs and tissues removed from a subject (possibly prior to transplant into a.-transplaM 
recipient), artificially generated tissues and various matrices and structures seeded with 

IS ceils. 

In certain aspects, the disclosure provides methods for labeling a cell Such 
methods may include contacting the cultured cells ex vivo with a tluorocarhoa imaging 
reagent under c^hditions such that the fluorocarbon imaging reagent becomes associated 
with the ceil. Periluoropolyethers (FFPEs) are examples of suitable fluorocarbon imaging 

20" reagents. An imaging reagent may be formulated as an emulsion., often .Including a 

surfactant Optionally the ceil may be contacted with the fluorocarbon Imaging reagent In 
the presence of a reagent thai enhances uptake of the ■fluorocarbon imaging reagent. 
Various cationic molecules, such as canonic lipids, protamine sulfate and 
pulyeihylemmine (FBI), are examples of a suitable uptake enhancing reagent; other such 

25 reagents are described herein and are, in view of this specification, known in the art. In 
certain embodiments, the composition of the surfactant may be designed to Impart a 
cafiooic surface to the emulsion particle that enhances ceihdar uptake of the emulsion 
without the need of an enhancing magesL in certain embodiments, the uptake enhancing 
compound is 'conjugated to the fiuorocarbOn. In certain embodiments, the cells are labeled 

30 -with peril uoroearhou emulsion particles by eisetroporatiml 

While a fluorocarbon imaging reagent may be internalized by a cell. It may also 
associate with the extracellular surface of a cell. Association with an extracellular surface 
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may be increased by conjugating' the imaging reagent to a cellular targeting moiety . A 
cellular targeting moiety may be essentially any molecular entity that binds to the desired 
cells, such as an antibody that binds to an epitope that is «>q>os«d to the extracellular 
milieu. Uptake of an imaging reagent into a cell may be increased by-conjogatmg the 
5 imaging reagent to an internalization moiety, An internalization moiety is any molecular 
entity that stimulates or promotes entry of the imaging reagent into the eelL Examples 
.include internalizing peptides and moieties that bind to receptors or other cell surface 
proteins that are internalized by* for example, receptor mediated endoeytosis. The cell 
may he essentially any cell, including prokaryetio and eakaryotic cells. In preferred 

10 embodiments, the cell is a mammalian cell. In certain embodiments the ceil is a eel! of the 
Immune system, such as a dendritic cell or T cell. A cell may also be a stem cell or a cell ■, 
that has been prepared for administration to a subject as part of a cellular therapy Or a 
transplant, sucb as a peripheral blood stem cell transplant or bone marrow transplant. Other 
cell types can be labeled and imaged, for example an embryonic stem ceil, a pancreatic 

15 isletj a he|?atocytej efe, perhaps in conjunction with a therapy. 

in Certain aspects, the disclosure provides methods of labeling cells with novel 
11 uoroearhon Imaging reagents. Preferred iluosocarbou imaging reagents have one or snore 
of the Allowing properties: reduced cytotoxicity; a l9 F NMR spectrum that is simple, 
ideally having mostly a single, narrow resonance to minimize chemical shift artifacts; a 

20 large dumber of NMR-equivaient fmorme atoms per molecule; and suitability for 
fbnnuiation to permit efficient labeling of many cell types. 

The present invention provides novel peril uoropolyether compounds (e.g., 
compounds of formulae 1-41), inclnding purified preparations of those compounds, that 
may be used as imaging reagents in methods of the invention. The present invention also 

25 provides novel compositions comprising defined mixtures of the novel perfluoropolyether 
diamide compounds of the invention. 

For example, in certain aspects, the disclosure provides a Compound of any one of 
formulae .1-9: 
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r, Independently for each OcfiiirFeneej represents an integer from 4 to 1 6. 
1 0 In efertam :^sct% the disclosure provides ii compound of my arm of formulae 10- 
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wherem 

n, independently for each occurrence, represents an integer from 4 to 16; and 
M< independently for each occurrence, represents an integer from 4 to .16. 
in certain aspects, the disclosure provides a compound of any one of formulae 16- 
! 7, or 40-4 1 : 
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(41), 
wherein 



n f . independently for each occurrence, represents an integer from 4 io 16. 

In certain aspects, the disclosure provides a compound of any one of formulae 1 8 



or 19; 



• V Y 

J F F 



F F 



O H H 



Si ' *s i: 

o • o 



0 



(IS), 



8 H RF 

V V H H 



I * h A A ii v ^ i 

0 FF Ff 1, Q ' O 

or '■ ' * 



(19), 



wherein 



W0 2<S09/(Mm«5 



% independently for each ooaMrenee* represents an integer from 4 to 16. 
In. certain asp^^^^i^^^p^vld^^^^l^tin^.of formula 26; 
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wherein 

n, mdqpeade&tly for each oceurrenc^ represents an integer from 4 to \ 6; and 
Dye represents a fluorescent: detect son motety. 
In certain such embodiment s, the compound of formula 26 is a compound of formula 20; 
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wherein 



n, ihdependehlly for each occurrence, represents an integer from 4 to 16. 
In certain, aspects, the disclosure provides a compound of formula 27: 
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wherein 

n, independently for each occurrence, represents an integer from 4 to 1 6; and 
Dye represents a fluorescent detection moiety^ 
In certain such aspects, the compound of formula 27 is a compound of formula 21 : 
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wherein 



n, independently for each occurrence, represents m integer from 4 to 16. 
In certain aspects, the disclosure provides a compound of formula 28: 
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wherein 

n, independently for each occurrence, represents an integer from 4 to H; and 
Pye represents a fluorescent detection moiety. 
In certain Such aspects, the compound of formula 28 is a compound of 'formula 22: 
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n, independently for each occurrence, represents an integer from 4 to 16. 
In certain aspects, the disclosure provides a compound of ibrrnula 29; 
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15 wherein 
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n, independently for each oedurrfirsee, represents m integer from 4 to 16; and 
Dye represents a fluorescent detection moiety. 
in cert-ate such aspects, the com|KmM of femjtea 29 is a compound of formula 23 : 
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w herein 

n, independently for each occurrence, represents an integer from 4 to 16. 
In certain aspects, the disclosure provides a compound of formula 30: 
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wherein 

n :> independently for' teach occurrence, represents an teteger from 4 to 16; and 
Bye represents a fluorescent detection moiety. 
In oertste) such aspects, the compound of formula 30 is a compound of formula S4: : 
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Wherein 

n, iridependentiy for each occurrence, represents an irjteger from 4 to 16. 
In certain aspects, the disclosure provides a cOnipound of formula 31 ; 
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wherein 



n s independently for eadx occurrence, represents .as. integer from 4 to 16; and 
Dye represents a fluorescent detection nje-fety. 
In certain such aspects, (he compound -.of formula 31 is a compound of Formula 25: 
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In certain aspects, the disclosure provides a compound of my one of formulae 32- 
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wherein 



n, independently for each occurrence, represents an integer from 4 to 16; and 

Dye, independently for each occurrence, represents a fluorescent detection moiety. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 10 and a compound of formula 1. 

in certain aspects., the disclosure provider a composition comprising a compound 
of formula 12 and a compound of formula i. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formul a 14 sod a compound of formula 1 . 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 16 and a compound of formula I, 

In certain aspects, the disclosure provides a composition comprising a compound 
of formuk 40 and a compound of formula I . 

In certain aspects, the disclosure provides a composition comprising a .compound 
Of formula 16 and a compound of formula I?. In certain such embodiments, the 
composition further comprises a compound of formula i . 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 19 and a compound of formula 1$. In certain such embodiments, the 
composition further comprises a compound of .formula h 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 40 and a compound of formula 4! , In certain such embodiments, t he 
composition further comprises a compound of formula 1, 

In certain aspects, &e tUk^ssiiire proysdes^dbmp^shion comprising a compound 
of formula 1 0 and a compound of formula 20. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 10, a compound of formula 20, and a compound pf formula I. 
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in certain -aspects, the disclosure provides a composition comprising a compound 
of formula ! I and a compound 6fforrdulat21, 

tin certain aspects, the disclosure provides a composition comprising a compound 
of formula 1 1 mi a compound of fonnula 22. 
5 In certain aspects;. She disdosute provides a composition comprising a compound 

of formula 12 md a compound of formula 23- 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula' 1 2, a compound of formula 23, and a compound of formu la ! , 

In certain aspects, the disclosure provider a imposition comprising a compound 
1 0 of -formula 1 3 and a compound of formula 24. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 13 and a compound of formula 23. 

in certain aspects, the disclosure provides a composition comprising a compound 
of formula 10 wM a compound of formula 26, 
W M certain aspects, the disclosure provides a composition comprising a compound 

of formula 10, a compound of formula 26, and a compound offonuu.lt I. 

In certain aspects, the disclosure provides a composition comprising a compound 
of fo rm ula 1 1 and a compound of formula 2?< 

In Certain aspects, the disclosure provides a composition comprising a compound 
20 of formula 1 1 and a compound of formula 28. 

In certain aspects, foe disclosure provides a composition comprising a compound 
of formula 12 and a compound of formula 29. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 12, a compound of foouuia 29, and a compound of formula i . 
25 in certain aspects, the disclosure provides a composition comprising a compound 

of formula 1 3 and a compound of formula 30. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula 13 and a compound of formula 31. 

In certain aspects, the disclosure provides a Composition comprising a compound 
30 of formula 1 0 and a compound of formula 32. 

In certain aspects, the disclosure provides a composition comprising a compound, 
of formula 10. a compound of fonmda 32, and a compound of formula I, 



13 



In certain aspect, .the disclosure provides a composition comprising a Compound 
of formula 1 1 and a compound of formula 33. 

In certain aspect^ the disclosure provides a exposition comprising a compound 
of formula II and a compound of fortnhla 34, 



of ferrnuk 1 2 and a compo und of formula: 3 5. 

In certain aspects, the disclosure provides a composition comprising a compound 
of formula I 2, a compound of formula 35,. m<i a compound of formula 1 . 

In certain aspects, the disclosure provides a composition comprising a compound 
1 0 of formula 1 3 and. a compound of formula 36. 

hi certain aspects, the. disclosure provides a composition comprising a compound 
<>f formula 13 and a compound of formula 37. 



compounds of any one of formulae 1-3 ? of 30-3? of 40-41 and a compound of formula la. 
I S M. certain embodiments, the Composition may comprising one or more compounds of any 
One of formulae 1 -37 or 40-41 . In certain embodiments, the composition corhprtses 
95% vN of the compound of formula l a- 

In certain aspects, the disclosure provides a composition comprising one or more 
Compound of any one of formulae i-i? or 20-3? or 40-41 and perrluoro-fS-erown-S ether. 



20 In certain CiphodiiBcnts, the composition may comprising one or more compounds ■pfany 
one of formulae I -37 or 40-4 1 , in certain. «pd?meots, the composition comprises HQ- 
95% v/v of perfloord- 1 5-erown-5 ether. 

In certain aspects, thedisclOsure provides a composition comprising compound of 
.formula; 



in certain aspects, the disclosure provides an emulsion comprising a compound of 
any one of formulae 1 -1 7 or 20-37, 40-41 s la, or perfluoro-1 5-crown-5 ether in certain 
aspects,- the disclosure provides an emniyon corhprising a compound of any one of 
formulae 1-20-37, 40-4 L la, or pertIuero4 5-crown-S ether. In certain aspects, the 
30 disclosure provides m eniidsion comprising a composition comprising a compound Of 
formula 10 and a compound of formula i; a compound of formul a 12 and a compound of 
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In certain aspects, the disclosure provides a composition comprising a compound 



in certain aspects, the disclosure provides a imposition comprising one or more 
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formula 1 ; a compound of fonuula 14 and a compound of -formula 1 ; a compound of 
formula 16 and a' compound of formula 1; a compound of formula 18 and a compo und of 
formula 20; a compound of formula IS, a compound .of lotumJa 2-0, and a .compound of 
formula 1; a compound of '-formula 11 and a compound of formula 21.; a compound of 
5 fonriuk ; 1 1 and a compo und of fbnnula f 2; a compound of formula 12 and a compound of 
formula 23; a compound of formula 12 s s compouofi of fomrula 23 f and a compound of 
formula 1; a compound of formula 13 and -a compound of formula 24; a compound of 
formula 13 and a compound of formula 25; a compound of formula 10 and a compound* of 
formula 26; a compound of formula 10, a compound of formula 26, and a compound of 

10 formula 1 ; a compound of formula 11 and a compound of formula 27; a compound of 

formula 1 1 and a compound of formula 2S; a compound of formula 12 and a compound of 
formula 29; a compound of formula 12. a compound of formula 2% and a compound of 
formula 1; a compound of formula 13 and a compound of formula 30; & compound of 
formula 13 and a compound of formula 31; a compound of formula 10 and a compound of 

.! 5 formal a 32; a eompo und of formula 1 0, a compound of fonnula 32, and a compound of 
formula 1; a compound of formula 1 1 and a compound o f formula 33 ; a compound of 
formula 11 afid a compound of formula 34; a compound of formula 12 and a compound of 
formula 35; a compound pf formula 12, a compound of formula 35, and a compound of 
form ula 1; a compound of formula 1 3 and a compound of formula 36; or a compound of 

20 Ibrmula 13 and a compound of formula 37, In certain aspects, the emulsion farther 

comprises a block: copolymer in certain embodiments, the block copolymer is a ni-fe|oek: 
copolymer which comprises poly(elhy tone oxide) and polypropylene p&tde). In certain 
such embodiments foe block; co|>oiytncr is pelyiethylene oxidc}-poly(propyleoe oxide)- 
polyethylene oxide) (PEG-PPO-PE0) tri -block copolymer with an average molecular 

2 5 weight of 1 900, an average number of PEG units of about 22, such as 2 L59. and an 

average number of PP O units of about U t such as 16,3S, In certain such embodiments the 
block copolymer is polyethylene oxide}~poly{propyl«ne oxide}-|;xd>f ethylene oxide) 
<PEO~PPO~P.EO) tri-hloek copolymer with an average molecular wd$vt of 2000, an 
a verage number of PEO units of about 2{$> such as 26. 36 . and an average number of PPO 

30 units of about 30, such as 30,80, In certain such embodiments the block copolymer is 
poi>f ethylene oxide)-puly(prdpylene oxidu)-poly(elhylerte oxide) (FEO-PPG-PEO) tri- 
bloek copolymer with an average molecular weight of B400, an average number of PEG 
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units of about 1 53, such as I §%33^ mi '^&v<^g&:«umi^. : of;PPO units of 'about 2.9, such 
as 28.97, In certain aspects, the emak&ft further comprises a %»£ In certain such 
•aspects, the lipid k DMPC in certain: aspects, the emulsion further comprising -a lipid 
further comprises a block copolymer, in certain embodfmenhs, the block copolymer is a 
5 tri-bioefc copolymer which comprises polyCetbylepe oxide); atjd polypropylene oxide). In 
certain Such, embodiments the block copolymer is polyethylene oxide)~poly(pmpylene 
oxk!e}--polyf ethylene oxide) (PEOPPO-PBO) tri-block copolymer with an average 
molecular weight of 1900, an average number of PEO units of about 22, such as 2! .59, sod 
an average number of PPG units of about 1 6, .such as 16,38. In certain aspects, the 

1 0 emulsion further comprises polyethyleoimme. to certain aspects, the emulsion further 
comprises protamine sulfate. In certain aspects, the emulsion further comprising 
protamine sulfate further comprises a block copolymer. In certain embodiments, the block 
copolymer is a tri-block copolymer which comprises poiyf ethylene oxide) and 
polypropylene oxide). In certain such embodiments the block copolymer is polyethylene 

H oside)--po!y(propyleoe 05side)'poly(edtylene oxide) (PEO-PPO-PEO) trkbloek copolymer 
wi ih an average molecular weight of 1 900, an average number of PEO units of about 22, 
such as 2LS9j and an average number of PPO amis of about 16, such as id,38, in. certain 
such ■'embodiments the block copolymer is poly(etbyieneoside)-poly(propyIcne oxide^ 
poly(eihykne : oxide) (PEO-PPO--PEO) tri-block copolymer with an average molecular 

20 weight Of 2900, m average number of PEO units of about 26, such as 2636, and air 

average number of PPO units of about 36, such as 36.00, In certain such embodiments the 
block copolymer is poiy(ethyiene oxide}-poly(propyiene oxide)-po!y(ethylene oxide) 
:£PEO-PPO-PEO) tri-block copolymer with an average molecular weight of MOO, an 
average number of PEO units of about 1 33, such as J 52.73, and an average number of PPO 

25 uniis of ah* «t 2*>, such 2* 97 hi ce&ain aspects, the emulsion has a mean particle size 
of less than 200 nm in diameter. In certain aspects, the emulsion is stable at temperatures 
ranging from 4 a C to 37 °C. In certain aspects, the emulsion has a polydispersity index 
ranging from 0,1 to 0 2. 

In certain aspects, the disclosure provkles an emulsion comprising a compound of 

30 formula I, a compound of formula S6, a compound of form ula 17, a compound of formula 
la, a polyethylene oxide3^polyfpropyicne 0)tide)-poly(ethytene oklde) (PEO-PPO-PEO} 
tri-block copolymer with an average molecular weight of 8400, an average number of PEG 
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units of about 1 53, and as average number of FPO units of about 29, and protamine 
sulfate; a compound of formula 1, a compound of formula f o, & compound of formula 17, 
a compound of formula la, a poiy(etbylens oxide)^ly{propyieue oxkteEpolyfethylene 
oxide) (PEO-PPO-FEO) trifoloek copolymer with an average molecular weight of 8400, 
5 an average number of PEO units of about 153 ? agd an average number of FPO units of 
about 29, and polyemylamine; a compound of fonuula 1, a compound of formula 16, a 
compound of formula 1 7, a compound of formula la, and a polyf. ethylene oxide}- 
polypropylene oxide}~poly{ethylene oxide} (PEO~PP0~PIO} txi -block copolymer with m 
average molecular weight of 8400, an average number of FEO units of about 153, and an 

i 0 average number of PPG units of about 29; a compound of formula 1 , a compound of 
formula 16, a compound of formula 17, a poly(ethylene oxide)«poly(propy!eoe oxlde}- 
poly(ethylene oxide) (FEO-PFO-PEO} trbbloefc copolymer with an average molecular 
weight of 8400, an a verage number of PEO units of about 153, and m average number of 
PPG units of about 29, and protamine sulfate; a compound of formula 1 , a compound of 

15 formula 1 6, a -compound of formula 1 7, a polyfethyiene oxide)~poiy(propyteue oxide}- 
pdi : y{ethyiene oxide) (FEO-PPO-PEO) iri-block copolymer with an average molecular 
weight of 8400, an average number of PEO units of about 1 S3, and an average- »amfc«r of 
FPO units of about 29, and po!y«tbylami«ei a compound of formula 1 , a compound of 
fonrmla 16, a compound of formula 17, and a polyfethyiene oxide)"po!y(propylene oxidcj- 

W polyfetbylene oxide) (PEO-PFO-PEO) trbblock copolymer with m average moMcblfo 

weigh t of 8400, an average number of FEO units of about 153 , and an average number of 
PPG units of about 29; a compound of formula 1 , a compound of form ul a 1 8, a compound 
of formula 19. a compound of fomiula ftt, a poly(etbylene oxide}-poly(propylene oxide)- 
pel yfethyl cue oxide) (FEO-PPO-PEG) tn~bfoek copolymer mth an average molecular 

25 weight of 8400, an average number of PEO units of about 153, and m average number of 
PPO unite of abou t 29, and protamine sulfate; a compound of formula I , a compound of 
formula IS, a compound of formula 1% a compound of formula la, a poiy( ethylene oxide)- 
poly(propyleneoxide}-poly(ethylene oxide) £PE0~PP0~f EG) tsl-block copolymer with an 
average molecular weight of 8400, an average number of PEO units of about 153, and an 

30 average number of PPO units of about 29, and polyethylamine; a compound of formula 1 , 
a compound of formula IS, a compound of formula 19, a compound of formula la, and a 
poly(ethyleue oxide^poiy{propyleneoxide)-poly(efoy1ene oxide) (PEO-FPO-PEO) tri- 
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block copolymer with m average molecular weight of 8400, an average number of 'FED 
mitts of about 153, and an average number of PPO units of about IS; a Compound of 
formula E a compound of formula 18. a compound of formula 19va poly(ethylene oxide)- 
polypropylene oxide)~poly(etbylene oxide) CPEO-PPO-PE©) tft-bloek copolymer with an 
5 a verage molecular weight of 8400, an average number of PEO unlta of about 1 33, and an 
average number of PFO units of about '2$, sod protamine .sulfate; a compound of formula 
1 , a compound of formula 1 8 S a compound of formula 19, a po!y(ethylene oxi.de)- 
poly(propyIene oxide)-pO:Sy(ethylene oxide) <PED~PPO~PECt) iri-feloek copolymer with m 
average molecular weight of 8400, so average -number of PEO ousts of about 153, and at? 

10 a verage number of PPO units of about 29, sad poiyethyianune; a compound of formula 1 . 
a compound of formula 18, a compound of formula 19, and a polyethylene oxide)- 
polypropylene oxide)-pol¥{ethylene oxide) (FEO-PFO-PEO) tri-bloefc copolymer with an 
average molecular weight of 8400, an average number of PEO units of about 1 S3, arid an 
average number of PPO units of about 391 a compound of formula 1, & compound of 

IS formula 40, a compound of formufadi, a compound of formula la, a poly(etbyieo$ oxide)-- 
polyCpropylene oxide)-poiy(ethyleno oxide) <PEO~PPO~PEO} iri-block copolymer with an 
average molecular weight of 8400, an average number of PEO units of about 153, and an 
average number of PPO units of about 29. and protamine sulfate; a compound of formula 
L a compound of formula 40, a compound of formula 41, a compound of formula la, a 

20 polyethylene ;oxide)»poly(propylene oxide)-poly{eihylene oxide) (PEO-PPO'-PEO) trl- 
blpck copolymer wHh an average molecular weight of 8400, an average number of PEO 
units of about 153, and an average number of PPO units of about 29, and polyethylamine; 
a compound of formula 1, a compound of lurmula 40. a compound of formula .41, a 
compound of formula la, and apoly{ethyteoeoSsde)--poly(propylene oxide)moly(ethyiene 

25 oxide) (PEO-FFO-PEO) tri -block copolymer with an average molecular weight of 8400, 
an average number of PEO units of about 153, and an average number of PPO units of 
about 29; a compound of formula E a compound of formula 40, & compound of formula 
41 , a polyethylene Qxids>p0lyCpropyieo-e.o^ide)*p0l^hylene oxide) (PEO-PFO-PEO) 
tridjlock copolymer with an average molecular weight of 8400, an average number of PEO 

30 units of about 1 53, and an average number of PPO units of about 29, and protamine 

sulfate; a compound of Formula h a compound of formula 40, a compound of formula 4i 5 
a polyethylene oxide)-pol^pm|>^le»^'©x^^.pi>^etbyletie' oxide) (PEO-PPO-PEO) tri- 
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block copolymer with an average molecular weight of 840§. an average ?wsnber of PEO 
units of about 153. and art average number of PP0 units of about 25Mand pcilyethylarniue; 
a compound of formula I , a compound of roromia 40, a compound of formula 4 ! » ami a 
poly(ethyiene 0Xide)-pojy(propyI.^e'-oxi#^|i^l^#?hy^^e!: oxide) (PEO-PPO-PEO) tri- 
5 block copolymer with, m average molecular wsigln of $400, an average number of P.EO 
units of about 153, and an average number of PFO units of about 29; a compound of 
formula 1 , a compound of formula l a, a polyethylene ox0sj)-po|y(propylene oxide)- 
poly(efhyiene oxide) (PEO-PPO-PEO) tri-block copolymer with an average molecular 
weight of 8400, an average number of PEO units of about 153, and an average number of 

1 0 PPO units of about 29, and protamine sulfate; a compound of formula 1 , a compound of 
formula la, a polyethylene oxidefpolyCpropyleoe oxide}-pofy{eihyiene oxide) (PEO- 
PPO-PEO) tri -block copolymer with an -average molecular wei ght of 8400, an average 
muober of PEO units of about 153, and an average number of PPO units of about 29, and 
polyemyl&miiie; a compound of formula 1, a eompound of formula la, and a polylethylene 

15 oxide)-poiy(propylen.e oxide}~poiy(ethylene oxide) (PEO-PPO-PEO) tri-block copolymer 
with an average molecular weight of 8400. an average number of FED Units of about 153, 
and an average number of PPO units of about 29; a compound of formula la, a 
poly(etl-syiet^eoxide)"poiy(propylene oxide>-poly(ethylene oxide) (PEO-PPO-PEO) tri- 
block copolymer with an average molecular weight of 8400, an average number of P EO 

20 units of ahotit 153 ( and an average number o f PPO Units of about 29, and protamine 
sulfate; a compound of formula l a, a polyethylene oxide)-poly(propylene oxide)- 
polyfethyfene oxide) (PEO-PPO-PEO) hi-bloek copolymer with an average molecular 
■weight of MC&>, an average number of FEO units of about 1 53, and ah average number of 
PPO "units of about 29, and potyethyfauuneya compound of formula la and a polyfethylene 

25 oxide}-poly(propyieoe oxid8)-poly{ethylene oxide) (PEO-PPO-PEO) tri-block copolymer 
Wilh an average molecular weight ofB4()0 5 an average number ofPEO units of about 1 53, 
and an average number of PPO uni ts of about 29; a compound of formula 1. a compound 
of formula 16, a compound of formula 17, perfluoro-S S~erown~5 etber, a polyfethylene 
ox sde)-poly( propyl one o>ade)-poly(ethylens Oxide) {PEO-PPO-PEO) tri-block copolymer 

30 with an average molecular weight of 8400, an average number of PEO units of about 153, 
and an average number of PPG units of about 29, ani protamine sulfate; a compound of 
& rmula 3 , a compound of .form u la I b, a compound of form u 1 a j 7 , p erf] uoro- 1 5- crown- 5 
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ether, a poly(eihylene oxidel-polyCjM^pyiette oxM^ (PEO-PPO- 
PEO) tri-block copolymer with an average molecular weight of §400, an average -number 
of P.EO units of about 1 S3, and m average number of PP0 unip of about 29, and 
polyethykrmne; a compound of formula 1, a compound of fbhmsla 1&. & compound of 
5 formula 17, per0uoro4S-erown~5 emer, anda jK?iy(eibyleReoxide)-poly(pmpy!en8 
oxide)~poly|eth.yiene oxide) {PEOPPO-PEO} tri^ocif copolysner with an average 
molecular weight of 8400, an. average number of PEO unite of about 133, and an average 
number of P PO units of about 29; a convpouud of fermuk I, a compound of formula 18, a 
compound of formula 19, peril uoro-lS-erown-S ether, a poly(ethylene oxide)- 

1 0 poly(propylene o.xtd«)-po1y(etbyiene oxide) (PEO-PPO-PBO) tri-block copolymer with an 
average molecular weight of S400, m average number of PEO units of about 153. and an 
average number of PPO units of about 29> and protamine sulfate; a compound of formula 
h a compound of formula 18, a compound of formula 19 , perf1uoro-l5-erowu-5 ether, a 
poiy(e.(hylene o>ade)-poly(propyleneoxide)-po:ly(ethyleoe oxide) (PEO-PPO-PED) tri- 

15 block copolymer with, m average molecular weight of $400* an average number of PEO 
units df about 153, and an average number of PPO units of about 29^ and polyetbylamine; 
a compound of formula 1 , a compound of formula 1 8, a compound of formula 19, 
pefflnem-lS-crowh-5 ether, and a polyethylene oxide)-po!y(propy!ene oxide)- 
polyCethylene oxide) (PEO-PPO-PEO) tri-block copolymer with an average molecular 

20 weight of 8400, an average number of PEO units of about I. S3, and an average number of 
PPO nftits of about 29; a compound of formu l a 1 , a compound of formula 40, a compound 
of formula 41, perfluoro- 1 5-crown-S etben a polytethylene oxuleVpoiyCpropyleoe oxide)- 
pdly(emyleOe oxide) (PEO--PPO-PEO) tri-block copolymer with m average molecular 
weight of 8400, an average number of PE© units of about 153, and an average number of 

25 PPO units of about 29, and protamine sulfate; a compound of formula 1 , a compound of 
formula 40, a compound of formula 45, perfoioro-lS~emwn-S ether, a polyfeihytene 
oxide)-poly(nropy!ene oxsde)-poiy{etbylene oxide) (P EG-PPO-PEO} tri-block copolymer 
with an average molecular weight of S4CX1 an average number of PEO units of about 153, 
and art average number of PPO units of about 2$, and polyethyl amine; a compound of 

30 formula I , a. compound of formula 40* a compound of formula 4 1 „ periluoro- 1 5-erowo-5 
ether, and a poly{ethyleneextde}-poly^ oxide) (PEO-PPO- 

PEO) tri-block '<&p8ily8*Sf Vwltfari average molecular Sterght of S400, an average number 
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of FEO' units of 'about TS% and an average number of FPO units of about 29; a compound 
of formula I, perfiooro-l $<rcmn~§ ether, a'-^i^^yl^.eaxye^pi61y{f>f»pylme.0x? : de)~ 
poiy( ethylene oxide) (PEO-PPO-PEO'I tri-bloefe eQpo!>OT«r with an average molecular 
weight of 8400, ari average mmtbeT Of PEO units of about 153. a&d'an. average number of 
5 PPO units of about 29, and protamine sulfate; a compound of formula 1, perfluoro-4 5- 
cmwtt-S ether, a poiyCethylene oxkk^po!y(pTo|sy!ene oxide)-p0ly{eihylene oxide) (PEO- 
PPO-PEO) tri -block copolymer witharvaverage molecular weight of 84Q0, an average 
n umber of FED units of about .I53„ m& an. average number of PPO uni ts of about 29, and 
poiyethylamme; a compound of formula !. porfluoro-i S^orown-5 ether, and a 

1 0 polyethylene oxide)~pol'y{propy!ene oxide)-poly(ethylene oxide) (PEO-PPO-PEO) iri« 
block copolymer with an average molecular weight of 8400, an average number of PEO 
units of about 1 53, and an average number of PPO units of about. 29; a compound of 
formula la, perOooro-i 5-erown-5 ether, a ;poly(Mhj$«i^' oxidc^polylpfopyknero^i^l" 
poiy{ethylene oxide) (PEO-PPO-PEO) tri-block copolymer with an average molecular 

iS weight of §400, an average number of PEO units of about 1 53, and an average number of 
PFO uni ts of about 29, and protamine sulfate;, a compound of formula l a s per0noro- lS~ 
erOwn-S ether, a .polyethylene oxideFpolyCpropyteue oxide)~poly( ethylene oxide) (PEQ- 
PPO-PEO) tri-block copolymer with an average molecular weight of 8400. an average 
number of PEO units of about 153, and an average number of PPO units of about 29, and 

20 polyethylanufie; a compound of formula 1 a, periluoro- 1 S-crewmS ether, and a 

pOlyCethylcne oxide)-poly(propyiene oxide)-po!y(ethylene oxide) (PEO-PPO-PEO) tri- 
hloc-k copolymer with an average moleeular weight of 8400, an average number of. FED 
units Of about ! 53, and an average number of FPO units of about 29; peril uoro-1 S-crowno 
ether, a poly(ethylene 0x|de)"poiy(propyione oxkle}-poly(ethylene oxide) (PEO-PPO- 

2S PEO) tri -block copolymer with an average molecular weight of 8400, an average number 
of PEO units of about 1 S3, and an average number of PPO units of about 29, and 
protamine $ultaie;. perfluoro-lS-crownrS' stber, a poiy(ediy!e«e oxide)-poiy(propylene 
oxide)-poly(ethy!ene oxide) (PEO-FPOipEQ) tri-block copolymer with m. average 
molecular weight of 8400, an average number of PEO units of about 1 53, and an average 

30 number of PPO units of about 29, and peiyethyhunine; pesfluoro- 1 5-erown-S ether and a 
polyCethyiene oxide)-polyCpropylene oxide}-poiy ethylene oxide) (PEO-PPO-PEO) tri- 
block copolymer with an average molecular weight of an average number of PEO 
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units of about 3 53, and ah average numfe of BPO amts of sbout 29; a compound of 
formula 1 a, a polyethylene exide|^iytpropyiene oxide}~polyCethylene oxide) (PEG- 
PFO-PBG) tri-bloek copolymer with an average modular weight of 6500, m average 
number of PEO units of about 74, and an average number of P RO uni ts of about 56, and an 
5 enmtsifier, wherein the emuisiEer is. a non-ionic solufeiliser comprising glycerol 

polyethylene glycol, rieinoleate; a compound of Ibpmua ia, a compound of formula 1 , a 
po!y(ethyie:ne oxide)-poiy{propy1^ne.;0!*idej~pa|y{#hyi«a3e oxide) (PBO~PPO~PEO) hi- 
block copolymer with an average molecular weight of 6500, an average number of PEG 
units of about 74, and an average number of PPG units of about 56, and an emulsifier, 

1 0 wherein the emulsifier is a non-ionic solubliiser comprising glycerol polyethylene glycol 
ricinoleate; a compound of formula l a, perftooP5~l>erown~S ether, a poiyCethylene 
oxide)-po!y(propylen£ oxide)~po!y{ethykne oxide) CPEO-PPO-PBO) tri-block copolymer 
with an average molecular weight of 6500, an average number Of PEO units of about 74, 
and an average number of PPO units of about 56 s and an emulsifier, wherein the emulsifier 

15 Is a non-ionic sohmiilser comprising glycerol polyethylene glycol ricmoleaie; a compound 
of formula la, a compound of formula 1, perfTuororiS-erowmS ether, a polyCethylene 
oxide^poiy(pmpy1ene oxsde)-poly(ethylene oxide) {PEO-PPO-PEO) tri-Moefe copolynier 
with an average molecular weight of 6500, an average number of PBO units of about 74, 
and an average number of PPO units of about 56, and an emulsifier, wherein but emulsifier 

20 U a bob-iOmb aolnbiliser comprising glycerol polyethylene glycol ricinoleate;, pert1uorp~ 
!5-erpwn--5 ether, a poly(etbylene oxide}-poly{propylene oxsde)-po1y(ethytene oxide) 
(PBO-PFO-PEO) tri-hlock cop^alymer with an average molecular weight of 6500, an 
average number of PBO units of about 74, and an average number of PPO units of about 
56, and an emulsifier, wherein the emuisifer is a non-Ionic sotabUtser comprising glycerol 

25 polyethylene glycol ricinoleate; a compound of formula 1 , a compound of formula 1 6, a 
compound of formula 17, peril uoro-lS-crown-5 ether, a polyfedwlene oxide)- 
poly(pmpyleue oxide)-poly(ethylenc oxide) (PIO-PPO-P EG) tri-block copolymer with an 
average molecular weight of 6500, an average number of PEO units of about 74, and a.n 
average number of PPO units of about 56, and an eniolsifser, wherein the emulsifier is a 

30 non-tohib solubliiser comprising: glycerol polyethylene glycol ricinoleate; a compound of 
formula 1 s a compound of formula I S, a compound of tbsinula 19, pertluom-iS-erowu-S 
ether, a poly( ethylene oside)~poly(propylene oxide)-poly|[ethyiene oxkle) (PEO-PPO- 
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FBO) m- block copolymer with an average molecular weight of 6500, an average number 
ofPEO units of about 74, and an average number of PPO units of about 56, and an 
emulsifler, wheram 

polyethylene glycol rieimsleate; a compound of formula 1, a compound of formula 40, a 
5 compound of formula 41 , perluoro-IS^own-S ethfetj a polyethylene oxide}- 

polyCprspylene oxlde)-pob/(eiiylene : oxMe) (FBO-PPO-EEO) tri-block copolymer with an 
average molecular weight of 6500, an average number of P EO units of about 74, and an 
average n ut nber of PPO units of about 56, and an emuisirler, wherein the eroulsifier is a 
non-ionic soluhiliser comprising glycerol polyethylene glycol rieiooleate; a compound of 

10 formula I, a compouad of formula 16, a compouad of formula 17, a compound of formula 
la, a polyethylene oxide) -polypropylene oxide}-poiy(ethy!ene oxide) (PEO-PPO-PEO) 
Iri-bloek copolymer with an average molecular weigh* of 6500, an average number of PEG 
units Of about 74, and m average number of PPO units of $bbut 56, and an emuisiflen, 
wherein the emolsifier is a non-ionic solphiMser comprising glycerol polyethylene glycol 

15 rielnoleale; a compound of formula I , a «ompo««<? of formula 1 8, a compound of fori^nla 
19, a compound of formula l a, a poly(ethylene oxide}-poly(propyleneoxidep 
polyfethylene oxide) (PEO-PPO-PBO) tri-hloek copolymer with an average molecular 
weight of 6500, an average number of PEO units of about 74, and an average number of 
PPO units of about 56, and an wwMfier v .w^^wte^«yiSer : )!S.m non-ionic soiubiliser 

20 comprising glycerol polyethylene:: glycol rieinoieaf ej a compound of formula 1 , a 
compound of formula 40, a compotmd of fetmma 41, a compound of formula la, a 
polyethylene ox3<le}-poly(propy!ene oxide>poly(e(.hylene oxide) (PEO-PPO-PBO) tri- 
hloek copolymer with an average molecular weight of 6500, an average number of PEO 
units of about 74, and an average number of PPO units of about 56, and m emulsifier, 

25 wherein the emulsriler is a non-sOnie soiubiliser comprising glycerol polyethylene glycol 
ricinoleate; or a compound of formula 42, a poiy(ethyieneoxide}~poly(propyleue oxide)- 
polyethylene oxide) (PEO-PPO-PBO) tri43bck copolymer with an average molecular 
weight of 6500, an average number of PBO units of about 74, and an average number of 
PPO units of about 56, and an em ul s i i'i er, wh ere i n the emulsifier is a non-ionic soiubiliser 

30 comprising glycerol polyethylene glycol ricinofeate. 
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In certain aspects, the disclosure provides a method for preparing a composition 
comprising & compound of formula 1 and a compound -of formula 38; 




wherein 



n; independently for each occurrence, represents an integer from 4 to 16; and 
one or both of X and Y is an amide other than diethyl amide; 
comprising; 




1) reacting periluoropoiyether methyl ester (39):, 1 J » ■ 
P$| s having two methyl ester end groups with a primary or secondary aliphatic amine 
other than diethyl amine; 

2) reacting rmmodified methyl ester cad groups with excess: diethyl amine; add 
3} removing onreacted diethyl amine; and 

4| optionally removing non volatile unreaeted amine by selective extraction in 
flhorinatei solvents or iluoropm phase solid extraction and filtration 

Optionally, m Imaging reagent may he formulated as an emulsion. Preferred 
emulsions will be stable at body temperature fBI^C for humans) and at a storage 
temperature, such as 4°C or room temperature (M~2S b C), Preferably an emulsion is 
designed to facilitate uptake of the imaging agent by the subject cells. An emulsion may 
have an average particle (or droplet) ske of less that? 500 nm in diameter (meaning that the 
emulsion may contain particles larger than 500 nm in diameter, but having an arithmetical 
mean particle diameter felling less than 500 nm, as calculated by methods known in the 
art). In certain embodiments, the average particle diameter of the emulsion will be less 
than 400 ran, or less than 300 nm, or less than 200 nm, or less than i 00 nm. 

In certain aspects, the disclosure provides a method for preparing an emulsion of a 
PFPE derivative with a block copolymer using low energy methods. In certain 
embodiments, the block copolymer is a td-bloek copolymer which comprises 
polyCetbyiene oxide) and poiyfpropylede oxide). In certain embodiments, the method for 



preparing m emulsion .comprising low energy methods may be used to prepare any of the 
emulsions of the application.- in certain eumodlments. the low energy method comprises a 
thin film method. 

In certain aspects, the $sel©s:qs§ pM%fa&-%rf&6^'1fa preparing an emulsion of a 
5 PFPE derivative with a block copolymer using high energy methods. In certain 
embodiments, the block copolymer is -a tri4?locfc copolymer which comprises 
po!y(ethyien£ oxide) and polyCpropyiene oxide). In certain embodiments, the method for 
preparing an emulsion eonapnsing high energy methods may he used to prepare any of the 
emulsions of the application. In certain embodiments, the high energy method comprises 

1 0 nu'croiluldizatiou. In certain embodiments, the high energy method comprises 

homogenixatioo. in certain embodiments, the high energy method comprises sonieatien, 

to certain aspects, the disclosure provides dual fluorescence- 19F MRi/MRS 
reagents formulated as an emulsion, A method may comprise fluorescent detection of 
labeled cells in vitro and in vivo, 

IS In certain aspects, the disclosure provides methods for detecting a cell in a subject 

A memod may comprise: administering to she subject a cell that is labeled with a 
fluorocarbon imaging reagent and examining at least a portion of the subject by a nuclear 
magnetic resonance technique. Such analysis may include MR! or MRS , which, may 
include collecting data for and generating an image of * <J F distribution. Imaging may also 

20 include collecting data for and generating a conventional anatomical H image. In a 
preferred embodiment, tv P and ! H images are generated and compared* optionally by 
superposition or overlay. Optionally, labeled cells may be detected using iv F MRS. In a 
preferred embodiment a conventional anatomical ! H image is used as a template to guide 
the positions of one or more localised voxels for MRS NMR data is understood to 

25 include both raw and processed data. 

In certain aspects, the disclosure provides a method for quantifying cell number in 
nvo. A method may comprise administering to a subject, cells that arc labeled who a 
fluorocarbon imaging reagent; and examining at least a portion of the subject by a nuclear 
magnetic resonance technique, thereby defecting labeled cells in the subject, and 

30 quantifying the number of labeled cells in a region of Interest (ROi). In certain 

embodiments the disclosure provides a method for quantifying labeled cells in a recipient 
of a transplant that includes labeled cells. 
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Calibrating the mean "eelM^ dose" bO^ ceil 
.population may be a prerequisite for .in viva ::-^uantita^w4^!^i^soSs« The i'n vim 
equivalent of the cellular (ipse will be rcfered to as 'the number of iS F molecules per cell or 
cell .quantity, but is understood to be any measure of the amount of' label per cell in vim. In 
5 certain embodiments the mean number of ,: F molecules per sell or eel! quantity of a 

labeled ceil population, is fo^i measured (ie,, calibrated) *w viira prior to administration of 
cells so the subject or transplantation, in certain embodiments me mean number of i! 'F 
molecules per sell or ceil quantity of a labeled cell population is measured (i.e., calibrated) 
contemporaneously with examination of labeled cells. In certain embodiments the mean 

1 0 number of y P molecules per cell or cell quantity of a labeled cell population is calibrated 
after the labeled cells have been examined. In certain embodiments the mean number of 
F molecules per cell or cellular dose of a labeled cell population is calibrated in a test 
population of cells of a particular type, not necessarily "destined tor a patient, but used to 
calibrate cellular dose of labeling agent as a consequence of a particular labeling protocol 

15 or set Of conditions; the value of cellular dose is then used to for future labeling and in vivo 
imaging experiments in the same population type of cells with the same labeling protocol, 
In certain embodiments the cellular dose or cell quantity of labeling agent is assayed using 
a variety of quantitative techniques, tor example using the integrated area of a i$ PNM& 
spectrum of a ceil pellet of a known number of labeled cells. Besides 1 : F NMR, many 

20 other quantitative methods can be used to assay the cell quantity or cellular dose of the 
labeling reagent t as described herein. In certain embodiments, the cell quantity or cellular 
dose can be represented or deduced from prior data. In certain embodiments, the cellular 
dose or eel! quantity may not he directly counted in F'* molecules, but the units of the 
cellular dose of labeling reagent will be representative of this and will be understood to be 

25 equivalent 

In certain embodiments^quaniitying. includes. using a calibrated signal in the 
same field of view as the ROi A calibrated !¥ F signal Is a signal that, by virtue of any of 
the various calibration techniques described herein, or other techniques that will he 
apparent from this description. Is such that one can deduce a relationship between the 
30 signal and the representative nnrnber of 5 % molecules or cell quantity in the ROl within 
the subject. As art example, calibration may be nehieved by placing a vial of known 

*^ . t . . „ .... r . . . 

quantity of 'F molecules so the MM detection field during Imaging of the ROl, This 



26 



pmiiiu one to calculate the :^atidn#ip't>^€^^''$i^atl strength within the ROi and 
the number' of iy F molecules, -Al^is^iy^-olfe&'iRUcN can be used in the calibration 
standard, such as ! H, 

In certain embodiments, dfe disclosure provides a method ofqmntifyiRg the 
5 numbers of labeled cells in vivo within an KQh:Fm-^^le r ioliowmg cell 

1 ij ....... ■ f '(.ft ■ 

'administration, and in vivo "F M'Rl/MRS, one can compare the total (e.g. integrated} ' "'F 
signal intensity in m ROI to a calibrated 5S F reference. The l *F reference may be, for 
example, a vessel containing a solution with a known concentration of !9 F nuclei, The 
vessel would be placed preferably externally: or alongside, or optionally inside, the imaged 

1 0 subject or patient prior to data acquisition. In preferred embodiments, the reference is 
imaged along with the subject in the same Image field of view. Optionally, the reference 
can be imaged in a separate scan, or no external reference can be used. 

By computationally manipulating or combining a key set of parameters from the 
W F MRl/MRS data set, one can calculate the number of labeled cells present in an R0f as 

15 described hwti% $at example, a key -set af-i>aramete«;m8y.iiscltt«le:---0> the- eeifot^dose-of 
labeling agent (i.e., Fe) measured in vitro; {«) in vivo !V F MRl/MRS data set taken in the 
subject at one or snore time points following labeled cell administration; (Hi) the voxel 
volume; (iy) the in-plane voxel area ff o, area of the image pixel); (v) optionally, the 
MRl/MRS data set from the X: '¥ s-eferenee standard; (vi) optionally, the measured Johnson 

21) noise of the s F MRl/MRS data m the subject njaterial; (vii) optionally, the measured 
signabtomoise ratio (SNR)of one or more voxels of the N F MRl/MRS data set in the 
subject material; (via) optionally, the measured SNR of one or more voxels of the iy F 
MRfiMHS data set from the r^fe^^stpsd'^tl^ptioriaJly, the !? F NMR relaxation 
times (Ti, T2, and T2*> of the subject -material; (x) optionally, the ls F NMR relaxation 

25 times (T I , T2, and T2*) of the reference standard (for example, see Magnetic Resonance 
imaging, Third Edition* chapter 4, editors FID. Stark and W.G. Bradley, Mosby, Inc., St. 
Louis MO 1999). Those ski lled in the art can derive other parameters, combinations of the 
above set, or derivations thereof, particularly from the :9 F MRl/MRS dataset, that can be 
used to quantify the number of labeled cells f in aim. In certain embodiments the above set 

30 of key parameters can be used to derive quantitati ve or statistical measures of the accuracy 
or confidence of the measured number of labeled cells. 
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There are many ways to combine the k ey parameters v(i-x, above), any subsets of 
these, or any of their eomhioatioRS or ^proK toatidns, to estimate t he 
effective number of labeled cells seen by i ? F MR I in the subject material, denoted by N,. 
For example, one can use an equation ot the isms 

5 where: N c - total number of labeled cells in the R01; |Fr] - concentration of lf f in the 
calibrated reference solution (or gel); v * voxel volume; % « mean intensity of the 
calibrated if) F inference taken with the ME1/MRS scan, averaged over one or more voxels; 
% ~~ average ! T cellular dose of the labeling agent measured in vitro; Mmi ::: number of 
voxels in the KG! containing labeled ceils; is—™ image intensity of the t* voxel in the ROI 

1 0 containing labeled cells; i - uuhless index for voxels in the ROI. containing labeled cells, 
in certain aspects, the disclosure provides a calculating system for the 
quanfiScafion of '% labeled cells and optionally, a statistical measure of the anecrtasoty in 
the measured cell number, in certain embodiments the disclosure provides a computer; a 
computer readable niedinm, operatively coupled to the computer, and computer readable: 

15 medium pro-am codes that can quantify the number of 5 labeled cells so a ROI in viva. 
In certain embodiments the system calculates the number of labeled cells by ratios of the 
intensity of 5v F signal and the volume of labeled cells in a Mil compared to a reference, In 
certain embodiments the system calculates the number of labeled cells according to a 
formula, m example of which is stated above, in certain embodiments me quaniiScatien 

20 comprises relating a calibrated NMR signal to a cellular dose. 

in certain aspects, the disclosure provides a computer readable medium having 
computer readable program codes embodied therein for performing in vivo quantification 
of ' F labeled cells and optionally, a statistical measure of the uncertainty in the measured 
cell number. In certain aspects the computer readable medium program codes calculate 

25 the number of 5 *F labeled cells in a ROI detected by a magnetic resonance technique, in 
certain embodiments the system calculates the number of labeled cells by ratios of the 
intensity of S *F signal and the volume of labeled cells in a ROI compared to a reference. In 
certain embodiments the system calculates the number of labeled cells according to a 
formula. In certain embodiments the same computer can he used to calculate a statistical 
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confidence coefficient aGComnmiyMg me ceil number calculation. Is certain embodiments 
the quantification ^c^|in^^M'^^&'^^^HMR''M|pal to a cellular dose. 

In certain aspects, the disclosure provides a method for labeling a coll, the method 
comprising contacting the cell ex vim yftlh a tliiomCarte inuiging reagent comprising a 
compound of anyone of formulae 1-17, 20-3?, 40>42j ln s or perrIjjtoro-l5-cmwn-5 ether 
under conditions such that the tloorocarbon feaging resgeot becomes associated with the 
cell In certain aspects, the disclosure provides an emulsion comprising a compound of 
any one offonntdae h-l? or 2fc3%.4fc4% la, orperfl«oro-15-crown-5 ether. In certain 
aspects, the disclosure provides an ftuoroearibOB imaging reagent comprising a compound 
of any one ot formulae 18 or 19. 

In certain aspects, the disclosure provides a method for detecting a cell in a subject, 
the method comprising: 

a) administering to the subject a ceil thai is labeled with a iluoroearbon 
imaging reagent comprising acpmptound of any one of formulae 1-17, 20-37, 
40-42, 1 a, or periuoro-i 5-erown>5 ether; and 

h) examining at least a portion of the subject by a. nueieaenMgoetic resonance 
technique, thereby detecting a labeled cell in the subject. 

in certain aspects, the disclosure provides a method for detecting transplanted cells 
in a transplant recipient, the method comprising: 

a) administering Cells for transplant to a transplant recipient, at least a portion 
of which cells tor transplant are labeled with a iluoroearbon imaging reagent 
comprising a compound of any one of formulae 1-17, 20-3?, 40-42, la, or 
pertlaoro-l 3-erOwn~S ether; 

h) examining at least a portion of the subject by a nuclear magnetic resonance 
technique, thereby detecting the labeled cells. 

In certain aspects, the disclosure provides a method for quantifying cell number In 
v»Vo, the method comprising: 

a) administering to foe sut^ect ceils that are labeled with a iluoroearbon 
imaging reagent comprising a compound of any one pf formulae 1 -17, 20-37, 
40-42 , la, or peril uorcr 1 |~crown~S ether; 
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h) tmrnmrng at least a portion of the subject by a nuclear «ia^eti«-.rfes«na»ee 
technique,: thereby dejecting laSseled cells in the subject; and 
c) quantifying lbs nomber of labeled cells m a region of interest (E01), 
In certain aspects, the disclosure provides a method for labeling a cell, the method 
S comprising contacting the cell in viva with a f b unocarhon i magi o g reagent comprising a 
compound of any one of formulae Kit, 20-37, 40-42, la, m perfluoro- 1 5-crown- 5 ether 
under conditions such that the ftuoraearhon imaging reagent becomes associated with the 
cell 

In certain aspects, the disclosure provides a method for detecting a eel! in a subject,, 
1 0 the method comprising: 

a) administering to the subject a fksoroearboo imaging reagent comprising a 
compound of any one of feftsolae I-!?, 20-3?, 40-42, la, orperflctoK>-15- 
crown- S ether; and 

b) examining at least a portion of the subject by a nuclear magnetic resonance 
15 technique, thereby detecting a labeled cell in the subject. 

In certain aspects, the disclosure provides a labeled cellular formulation for 
administration to a subject, the formulation comprising; 

a) a cell; arid 

b) a fiuorooarbon imaging reagent comprising a compound of any one of 

20 'formulae l-IX 20-37, 411-42, I a. or perfsuoro-4 5~crown-5 ether that is associated: with the 
cell. 

in certain embodiments of the above methods, the disclosure provides an 
emulsion comprising a compound of soy one of formulae 1-1? or 20-3?, 40-42, la, or 
perfIuoro45 -crown-5 ether. In certain embodiments of the above methods, the disclosure 
25 provides an fluomcarbon imaging reagent comprising a compound of any one of formulae 
18 or It 

As will be apparent from this disclosure, eomposttion$ and methods described 
herein will be useful in a variety of ehrilcal procedures. For example, tire disclosure 
pro vides methods for detecting donor cells in a recipient, such as a transplant recipient or a 
30 recipient of other types of eeihbssed therapy. Sneh a method may comprise administering 
cells for transplant to a transplant recipient, at least a portion of which ceils for transplant 
arc labeled with a fluorocarbon Imaging reggent; and examining at least a portion of the 
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subject by a unclear -maipMe s^nan^-^^^ui^-tto^y detecting the labeled cells. 
Detection of the labeled cells may be done Once or repeatedly and piny be performed so as 
to provide information about the location and ixaffickiag of labeled cells in the transplant 
recipient, Examples of cell recipients include recipients of bane marrow transplants (or 
5 cellular fractions containing .hematopoietic stem cells, commonly but not exclusively 
derived from bone marrow, peripheral blood m cord blood) and other cell or organ 
transplant recipients. Organ transplant recipients include recipients of donor organs such 
as liver, heart, long, kidney, pancreatic tissue, neural tissue or other transplants. Recipients 
also include recipients of donor cells, which may be derived directly from a donor (in the 

10 case of autologous cells, the "donor* is the same individual as the recipient) or subjected to 
limited or extensive cdturing prior to use. Donor cells may he derived from essentially: 
any tissue that serves as a source of useful oellSj and may include stem cells (including 
precursor cells)., such as hematopoietic stem cells, hemangiohlasts, hepatic stem cells, 
neural stem cells* muscle stem cells (e.g. satellite ceils), eardiomyoeyie precursor cells, 

15 pancreatic stem cells, vascular endothelial precursor cells, mesenchymal stem cells, hone 
or cartilage precursor cells. Or may include mature cells, such as dendritic cells;, immune 
cells (e.:g. s T Cells, B cells), chondrocytes, osteoblasts, and the like. Cells for 
administration maybe autologous, heterologous or even derived from another organism,, 
such as a pig. Other aspects of the present invention will he apparent from the disclosure 

20 below:. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure $< PFPE amide I emulsified with Piuromc™ F6S by sbmeetipn in IX HBSS 
25 buffer. Emulsion was diluted in IX HBSS and particle size measured by Dynamic Light 
Scattering (DLS). Data represents average of two independent measurements, (mean ± 
SD). Critical micelle concentration (CMC) of PPFE amide I is 22.2 mg/mt. in presence of 
2 i .o rnoI% P6§ and 1 X HBSS buffer, was estimated horn the intersection of the graph of 
two curves. Measurements performed on Zetas&er Nana (Malvern, UK). 

30 

Figure 2, Effect of neutral Upophihe fluorescent dye on PFFE amide 1 emnlsifieatiun. 
The composition containing BODlPy-PFPE amide 16 and PFPE amide I emulsified with 
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L3 5 in water by sonieatson, lipophilic dye does not signifka?itly affect the particle size 
and polydispersity of PFPB emulsion. Data represertts average of three independent 
measurements (mem * SD). 

S Figure 3. Piuoxsseenee intensity of BGMPy labeled PFFE amide oil. The composition 
containing BODIFy-PFFE amide l b and FFPE amide j 'emulsified in. water with 135. Data 
represents an average Ouore$eence intensity nseasHred in triplicate (mean a SD), 

Figure 4. Th^ composition comprising PEG-PFPE amide 14 and PFPB amide ] 
10 emulsified by sonkation m water without additional eniolsifiers or surfactants. Particle 
size was measured by DLS . The data represents an average of two i ndependent 
measurements mean -i; SD. 

Fdg&re S. The composition comprising PEG-PFPE amide 14 and FFPE amide I 
IS emulsirled fey somcatkm in I X HBSS without additional emoisifiers or sorlactantS, 

Particle sixe was measured by DLS. The data represents an average of two independent 
measurements fm can & SD). 



FJgnre & Particle size measurements of the emulsiheahon of the composition oompnsmg 
20 PECi-PFFE amide 10 and FFPE amide 1 with different moi% of 10 in water, without 
additional enmisifiers or s«rfaetaot$> 

Figure ?, Panicle size measurements of the emnlsifkation of the composition comprising 
PEG-PFPE amide } 0 and FFPE amsde 1 with different mol% of H> in IX HBSS without 
25 additional emulsifiers or surfectants. 

Figure 8. Effect o f PFXi-PPPP-amide 10 on FFPE amide 1 omolsiE cation using 
Piuronio m L3S> Emulsion was prepared by sonieahon. 

30 Figure Particle size and poiydispersity index (PDf) were measured for FFPE amide 1 
emulsified with a neutral lipid* DMP€ S in various ratios osmg combination of thin- film 
and sonieation methods.. Data represents an average of two measurements (rnean^SD). 
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Figure 18. Size and vokmie distrlhution of PFPE amide 1 emulsified with Neutral lipid 
DMPC in IX BBSS, The particle $i2e w^ d<^n»feed to b& 159 om with FBI - if 182 
following an average of two independent measurements. Measurements performed on 
5 Zetasize? Nano (Malvern, UK), 

Figure II, Comparing particle size and PD1 for low and high energy ^nullification 
process for lipid based PFPE amide 1 emulsions. Sonication significantly decreased 
emulsion droplet size. Data represents an average of two measurements (mea».i-SD). 
1 0 Measurements performed, on Zetasizer Nano (Malvern, UK). 

.Figure 12. Characterization of a DDAB/'DMPC/PFPE amide \ emulsion. Sonieatien 
decreased emulsion droplet size and POI. Data represents an average of two 'measurements 
(meaniSO). Measurements performed on Zetasizer Nano (Malvern, UK). 

1:5 

Figure 13, Dynamic light scattering study of the effects of different amounts of eattonie 
lipid (€TAB) on PFPB amide .1 emukitkatlon. alone and in combination with P!«rOBic# M . 
No significant change in. size and FD1 with increasing concentration of CTAB. 

W Figure 14, Reversal of seta potential sign by addition of canonic lipid to PFPE amide 1 
emulsion. Data represents an average of two measurements (me&n&SD}, Measurements 
performed on Zetasizer Nano (Malvern, UK), 

Figure 15. Size distribution by light scattering intensity distribution of PFPE amide 1/PBI 
'25. emulsion in water. Presence of PEf did not affect the size or PDF 

Figure id* Particle size and PD1 measurements of protamine sulfate / PFPE amide I 
maiopartictes prepared by sooieatiom Increasing amounts of Protamine Sulfate Increased 
both size and PDF 

30 

Figure 17. Protamine Sulfate / PFPE amide 1 seta potential measurement. When 
Protamine Sulfate reached 0,5 % W/W, the particle size increased and the. zets potential 
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changed its sign to positive Data represents an average of two measurements (meamfeSE). 
Measurements performed on Zetasizer Nam* {Malvern, UIC). 

Kgare 18. dynamic light scattering (m^ mmmmmm^ MWm amide 1/135 emulsion 
S coated with protamine sal fate for improved cellular deli very* Presence of protamine sulfate 
slightly increased particle size of coated particles. 

Figure 19. Particle ske and PDi measurements after mieroilukllzatkm of PFPE amide 
1/F68 emulsion in IX BBSS. Increased number of passes decreased particle size and POL 

10 

Figure 21). Stability of PFPE amide 1/P68 microfluidized emulsion in IX BBSS 
evaluated by DLS measurements over time. Data represents an average of two independent 
measurements (meao±SD). 

15 Figure 21. E 1 eetron microscopy (EM) measurements,, magnification 1 30X and 70X 
respectively:, shewed well defined droplets with average size 200 tsm of a PFPB amide 
1/P6B n>icrdfJuidizM emulsion. 

Figure 22, Stability of nriemfMdfeed .^m^tei^'^i^^ PFPE arnide l/L35 and PFPE 
W amide 1/Lb4 prepared in water and stored at room temperature, Data represents an average 
of two independent measurements (meartiSD). Emulsions were stable for ? weeks as 
shown by no changes in size and POi o ver time. 

Figure 23. Stability of PFPE amide 1/FoS emulsions rntcrofbndized with/without PES (low 
25 M W) in water. .413 emulsions were stored at the original concentration and diluted 10 times 
in water prior to each measurement. Data represents particle sixe presented as diameter 
measured by DLS over time after storage at different temperatures. 

Figure 24 A) DLS comparison of PFPE-oxide/FdS emulsion to PFPE amide I/P68 after 
30 micronuidlzauon. Both compounds emulsify the same way and show identical particle size 
and PDI. 8) Long term stability {250 days) of PFPE^ude/FdS/PEI emulsion at three 
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different temperatures 4, 25 and 3? S G. Data represents the measured 2 average (I,e,, 
diameter in ma units) over time. 

Figure 25- tV F MMR of PFFB-oxide/F68/FEI ejtiuisj«n, The main FPPE-oxide peak at - 
5 91.6 ppm has fee same chemical shift as in PFPE-aniide 1 emulsions. Additional 
identifying peaks for PFFE oxide I a are at -58,93 1 and -93,64 1 ppm. Spectra were 
obtained at 4?0 MHz. TEA (CF^COOli) (0.1 % v/vt is an internal reference at -76.00 ppm. 

Figure 2$. Stability of PFFE emulsions in presence of serum at :37°C in ceil caHure media,. 
10 Emulsions were prepared by mieroliuidisation. The data represents DLS measurements in 
eeii culture media, at the cell labeling concentrations and at different time points, measured 
without further dilution. 

flgufe:27, Measurements of light scattering intensity and particle size as a function of 
IS concentration of FFFB-tyramide 6/F68 emulsion prepared by thin film Method and heating 
in water, Data represents average of three independent measurements {mean±SI3)i 'Fhe SD 
is too small to be visible at the presented graph scale. 

Figure 28; Stability of FFFE-tyrantide 6/.F68 emulsion in water. The emulsion was stored 
20 at ;room temperature and diluted 10 times in water prior to each measurement. Data 
represents an average of two measurements (mearfcfcSD). 

Figure 29, DLS Measurements: for PpPB flvhydroxylfefeysoxyetlryl amide 2/ P68 
emulsion prepared by thin film method in water and I X HBSS at two different 
25 temperatures, Emulsion droplets were significantly smaller in water. 

Figure 30, Cell Titer Gi© assay (Ptomega) versus cell number. This figure shows 
representative luminescence correlation curve for estimating cell number and viability 
following PFFE labeling df dendritic cells (DCs), Data represents the average of 
30 measurements done in triplicate |mesn *SD) 
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Figure 31 , - ?? F NMR spectrum of FFFE amide 1/L3S eimtlsioo labeled DCs. Cells were 
labeled for 3h, wasted, tfypslnsssed and rospspefided in IX PBS, TFA-; was used as a 
reference for signal .quantification. 

Figures 32A-32B. Labeling DCs with m thereat PFPF derivatives emulsified wife US by 
sonieatlon. A) Cell number estimated from Ceil Titer Olo lunnneseenee-cell number, 
correlation carve. Data represents the average of two mdependerit labeling tests, 
{meanest)), B) Fluorine content, estimated irom 19¥ NMR spectra tor DC cel.! 
suspensions. Data represents the average oft wo independent measurements (meaniSD), 

Fignrss 33A-33B, Labeling DCs with PFFE derivatives emulsified with 135 by 
-soaieatkm and coated with protamine s»I&te prior cell labeling. A) Cell number estimated 
Irons Ceil Titer Glo luminescence-eel! number correlation curve. Data represents the 
average of two independent labeling tests (mean±SD). 8) Fluorine content estimated from 
t#- MMR spectra for DC cell suspensions. Data represents the average of two independent 
■measurements (meaneSD), 

Figures 34A-34B, l > FFE4yrannde/F68 emulsion uptake In dendritic cells. Tyramine 
conjugated to FFPE promotes cellular uptake and decreases cellular toxicity. A) Cellular 
viability estimated from Cell Titer Glo luminescence measurements. B) The 13F uptake 
measurement shows -M linear correlation to the emulsion dose. Data reps esehts the average- 
oi two moepemteot measurements 

figures 35A-35B. Jurkat cells labeling with PFPE/L3S emulsion with and without 
protamine sul fate. A) Ceil numbers were estimated from Cell Titer Glo luminescence-eel! 
number correlation curve. 8} Fluorine content estimated from I9F NMR spectra for. jurkat 
ceil suspensions, A dramatic increase in uptake &r the protamine sulfate coated 
nanoemuision droplets was observed. Data represents the average of two independent 
measurements {mean:fcSD}. 

Figure 3o» 1 9F NMR spectrum of PFFE amide/135 labeled T cell pellet, TFA was nsed as 
a reference. 
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Figure 37. Long term viability of PPPE labeled Jurkat Ceils. Labeled cells were cultured 
in 9o-well plates and viability was tested by Cell Titer Old at each time 'point. Dais 
represents the average of tripSioate expedrrsferjis (a>ean^S0)< 

figure 38 BODIFy-FFPE amide 16 and FFPE amide i emulsified with .135 in water by 
sonieatkm and used lor T cell labeling. PFPB-BOpiPy/O 5 emulsion .uptake in T cells was 
measured by the fluorescent signal of eovalently bound BODIPy-TR. dye. These 
quantitative fluorescence measurements demonstrate a dose dependent uptake. 



Figure 39, Correlation between fluorescence signal and the F MMR signal from T cells 
labeled with PFPE-BODlPy/L3S emulsion. Data r^resents the average of duplicate 
cspeHments (mean*SD). Data demonstrate utility of the dual fluorescent- \$F label . 

15 Figures 41SA-40B. Fluorescent images of DCs labeled with BOD!Fy-PFFE/L3S emulsion 
(A is untreated, 8 is labeled) and 80D!Py-PFFE/L3$ coated with protamine sulfate (C is 
untreated, D is labeled). 

Flgbpe 4L Jurfcai cells labeled with PFFE-oxide/f 68 emulsions with and without FBI. 
20: Uptake was increased by FBI several fold. The data represents an average of triplicate 
experiments (mean*.SD), 

Figure 42, Dose dependent uptake of FFFE-oxide/F6S/PEI emulsion in non-phagoeytie 
cells (J urkat cells) labeled in suspension. Data represents the average of triplica te 
25 experiments {rnean&SD). 

Figure 43. A!exab47-Pf PE amide/LaS emulsion measurements, where A) is the 
absorbance standard curve, B) is the fluorescence standard curve, and C) shows that the 
emulsion fluorescent emission spectrum is the same as that of the tree dye. 



Figure 44, GO/FID traces of FFPE amide and die PPPE emulsion product. Both samples 
show the same polymer distribution arsd retention times under the conditions employed. 
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Figure 45, H NMR of FFPE amide I ami starting mateoai PFPE ester 39. The 
disappearance of methyl group peafe (4, Ippu) serves m an imiieator for the PFP E ester to 
FFPE amide conversion and was used for monitoring eoupbng reactions. 

5 

Figure 46. NM R of PFPE amidol kdrfflwoettiSsql solvent that completely 
so! ubi fees PFPE . 

Figure 4% B C NMR of PFPE ester 39. 

10 

Figure 48. IS F NMR spectrum of PFPE amide L The diagnostic peak for tlie preterminal 
CF2 group is .at -74,4 ppm t where the TFA reference is set to -76 ppm. 

Figure 49. * ''F NMR spectrum of PFPE ester. The diagnostic peak for the preterminal CF2 
15 group is at -#03' pprn> The chemical shift of this peak was used as an indicator for amine 
coupling aaa" amide synthesis. 

Figure SO, LD|~TOF mass spectrometry analysis of FFPE amide ! . 

20 Figure 51. l H NMR of PFPE-tyvarmde purified on FluoroFlash by selective fioorophohic 
solvent elusion. 

Figure 52. i<? F NMR of PPPE-tyrasnide. The diagnostic peak is at -78.8 ppm for the 
preterminal CF2' group. 

Figure S3. A functional block diagram of a genera! purpose computer system 200 for 
performing the functions of the computer 104 according to so illustrative embodiment of 
Ihs invention. 

30 Figure 54. A) Long term stability {250 days) at three different temperatures of PFPE- 
ossde/F68 and B) PFPE-oside/FSS/protamlue sulfate nauoomulsioo prepared by 
microfluidizatioo. M easurements were made by 0LS, The oanoemuision with protamine 
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sulfate .shows- greater stability at higher temperatures (25 and 37 !, C}. At low temperature 
(4"C) both, emulsions 'rerammsd- stable for 250 days. 

Figure S5« Uptake dose curves of P FPE-oxk!e/P68 emulsions wibVwifhout protamine 
5 sulfate in DCs. Data represents the average of two mdepesKlent measurements (mesmfcSD). 
A dramatic increase in uptake (e,g,.. almost one order of .magnitude) was observed ibr the 
PFPE oxide ! a nanoemnlsiOn with incorporated protamine suifste; 

Figure 56. Activated primary T cells labeled with BODIPy-PFPE amide 16 and PFPE 
10 amide 1 blended with PFPE oxide la and emulsified with F68 and PEl in water by 

mierofluidtxatien. A) D1C Image: B) eeU surface stained with -CD4-FITC (green) antibody; 
C) SODlPy-PFPE oanoerouision (red). 

Figure 57, Correlation between the ! *F NMR and fluorescence m nomphagooytic jyrkat 
15 cells labeled with blended BO.O'IPy-TR PFFE amide/PFPE oside la naddemofeion 
following 3H cpTncuh&tiorL Data represents the average of duplicate experiments 
:|meau*SP). Data demonstrates utility of the dual fluorescent" I9T label. 

Figure 5% Fluorescent images of DCs labeled with blended rsanoemulsion, The BOBIPy- 
20 TR PFPE blended nanpemuision is shown where A) shows a D.1C image and B) shows; 
BODlPy-TR PFPE {red}- the FO'C PFFE blended nanoernulsion Is also shown where Cj 
is the DlC image and I>> shows FO'C PFFE (green), 

Figure 59. SQDIFy-TR Cadaverine concentration versus absorbance calibration curve. 
25 The absorbance was measured at a fixed absorption wavelength 593 nm s which was 
experimentally determined as the absorbance maxima in irifluoroethanoL Data represents 
the average of three independent measurements (mean ± SO), 

Figure 60, 9L cells incubated with FfIC PFPE annde/Ferrhmro-l S-crown-3 
30 nanoernulsiors prepared with F68 and Protamine Sulfate by mierofluidi^atson. The cells 
were exposed to i ncreasi ng concentrations of the nanoetrtnlsion Tor 3b. A) Cel l numbers 
were estimated from Cell Titer\6l-oitwtt^cenc^cc.H -jftHttber correlation curve. 8) 
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Fluorine content estimated from WP MMR spectra 'for 9L eel! suspensions. Data 
represents She average of two in<|«i|>^^^f''t^^f^^t$^mea«*SD), 

Figure til, RAW cells incubated wife BODlPy-TR PPPE ami de/perfiuora-IS-erown-S 
5 nanoemuisioo prepared with Fl05/C^^apfe ; BL:miXi©d-'iJJJC«I1.e-. The cells were exposed 
to increasing ce«eeniralions of the nanoemelsion fox 24h and cell loading was measured 
by }9 F N.MR. The data (cell loading, ^F/eefi) represents an average of d uplicate 
measurements <m«ai5±SD). 



1 0 Figure 52, I W N MR spectrum of M W 264, 1 cells labeled with BODIPy-TR PFP.E 
amide 1 /Peril uoro-l 5-crow.a ether/FIOS/Crernophor El, n&ooemirlsiion. Cells were 
incubated with the nanoemoision for 24h> washed, scrapped and resnspended in IX PBS. 
TF& {^76.00 ppm) was used as a reference for signal quantification. Labeled cells are 
shown at -92.4? ppm in the spectrum. 

15 

Figure m. Effect surfactant amount ^ €Fj nahoemufeson uptake in A| Uptake in DCs 
measured by ISF MM% B) Cell vjahihty upon 3h exposure to different oanoetnulsibns. Data 
represents the a verage of two independent measurements {mean ± SD), 

20 Figure M< Dose dependent uptake of nanoemulaioa A4 I n DCs upon 3H Ineuhation. 
Uptake nieasured by ! % K^jtHt. D«r a repr esesv?snhe average of 4 independent 
measurements (mean ± ■'$&)* 

Figure 65, ! F NM'R spectrum of nanoernulsion A4 labeled DCs, Labeled cells are 
25 represented with the peak at -72.3 ppm, while TP A serves as a reference at -76 ,0 ppm. 
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DETAILED DESCRIPTION 
1 . sly^yfeW 

In certain aspects, the : diseloprepovides n^vet methods and reagents for labeling 
cells- ex vivo with a nuclear magnetic resonance imaging reagent, such as a ftuorocarbon 
5 imaging reagent and quanti fying fee labeled cells in vim or ex vivo. In certain aspects, the 
disclosure provides novel methods and reagents for labeling cells m vivo with a nuclear 
magnetic resonance imaging reagent. Labeled cells may he detected .by a msclear 
magnetic resonance technique (e.g., MR1/MRS} and quantified according -to methods 
described herein, F nuclear magnetic resonance techniques. are excellent imaging tools 

10 for biological systems because of the absence of endogenous background signals. Fluorine 
is present if at ail at exceedingly low levels in living organisms, and generally not m a 
chemical form that is detectable by liquid-state nuclear magnetic resonance techniques. 
This . is quite distinct from conventional ! H MR.f which,, while providing visualization of 
line anatomical detail, does not permit selective detection of particular cell populations. 

15 Certain methods disclosed herein permit whole or partial body screening to visutdhse tile 
distribution of labeled cells in a living subject The precise anatomical location of labeled 
ceils detected by ^nuclear magnetic t^dnance may be deierfnined by, for example, 
su|>erimposition of a -II MR! image that provides anatomical detail. In preferred 
embodiments, the *H image is acquired during the same imaging session as the image 

30 (without moving the subject) to ensure registration. Additionally, the nuclear magnetic 
resonance techniques disclosed herein may be applied effectively in cr vivo contests, as in 
the ease of tissue samples/ excised organs and cell cultures. The imaging technology 
disclosed herein may'§£ ajp^t^ja^ |&fg?.;ttu^bier:«f biological and medical problems.. 
In certain aspects, a method of the invention may comprise labeling cells ex vivo 

2S with a iv F imaging reagent, administering the labeled cells to a subject, and detecting 
labeled cells in the subject. The cells to be labeled may be a crude cellular, fraction or 
tissue sample, or the cells may fee cultured and/or subjected to enrichment prior to labeling, 
for example, particular cell types may he selected by fluorescence activated cell sorting 
C'FACS) prior to labeling. Other sorting or selective: enrichment methods are known in the 

30 art for the various different ceil types that may be of interest The types of cells that are 
labeled may also be controlled by the nature of the imaging reagent. For example, s impl e 
colloidal suspensions of imaging reagent will tend to he taken up more quickly by cells 
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with phagocytic activity. As tooths example, an imaging reagent may be formulated with 
or covaientiy bound to a target^m^teiy 'thatTaciItat«s^fclectJve- targeting of the imaging 
reagent to a particular -population of Sells. Imagmg reagents are described former below. 
After labeling, cells may be immediately administered prills cells sway be stored, further 
5 e^bured, purified, enriched, segregated or processed in any way thai h riot incompatible 
with the intended me of such cells. 

In certain aspects, labeled cells will be administered for a therapeutic purpose. 
Technology described herein may be used for monitoring the trafficking of cellular 
therapeutics w vim or in any other desired milieu, such as a tissue explant Bonemanrow 

10 cell transplants have been widely used lor many years in recipients of ablative therapies 
for cancers. Various -purified cell populations have also been used In place of bone 
marrow, such as cell populations enriched for hematopoietic stem cells; for example cells 
may be harvested from umbilical cord blood or peripheral blood. After entering the 
■bloodstream, the stem cells generally travel to the bone marrow, where they begin to 

15 produce new white blood cells, red blood ceils, and platelets. This cngrafiment usually 
scouts within about % to 4 weeks after transplantation. Traditionally, eagraflment is 
rbomtoted by testing blood counts on a frequent basis, and complete recovery of immune 
function generally requires several months (tor autologous transplant recipients) to years 
{for patients receiying allogeneic or syngeneic transplants). Cell sampling by bone 

29 marrow aspiration can provide further information on the function of the transplanted cells. 
These monitoring techniques m ay be enhanced by er idvo labeling of the ceils to be 
transplanted (or some Ssltalb fraction of such cells), thus permuting non-invasive 
monitoring of the location and movement of transplanted ceils by nuclear magnetic 
resonance techniques, Non-myeloahistive allogeneic transplantation {i.e. reduced- 

25 intensity transplant) is a similar cell therapy that can be effective for treating several types 
.of cancer. Generally, this technique relies on a lo wer dose of radiation and/or 
chemotherspeutic and a limited grafWetsus-host disease (the action of immune cells from 
the transplant against any residual host cancer cells) to provide sufficient anti-cancer 
activity, as well as the hemampoieticpotential of the graft cells to restore the patient's 

30 hematopoietic system. As with a traditional ablative graft, the techniques of the present 
invention may be used to monitor the locations and movements ?'s*f graft cells in a oom- 
myeloablatsve allogeneic transplantation. 
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Cellular therapeutics are also in &ygftig^enti&r- «§e In the delivery of therapeutic 
proteins. In one entbodbnent cells can be isolated, grown in Quantity ex vivo and tfeen 
implanted to produce and. secrete so! ubie &fcTs:, which may be active either locally (e.g. 
enzymes, cytokines, and neinotransm titer s) or ata distance Ce>§. bormoaes and growth 
5 regulators). Cells may also be administered to a patient in order to accomplish complex 
therapeutic .purposes, such as reeonstitntson of tissues, organs, o r immune responses based 
on their ability to home to specific .sites within thefeody, exit from die circulation, and 
integrate into surrounding tissue or differentiate to replace damaged tissue. Stern cell 
therapies have also been proposed for myriad diseases including neurological disorders, 

1 0 particularly those characterized by cell death (e.g., Parkinson's disease, stroke and brain 
injury caused by trauma), cardiovascular disorders (e.g>, myocardial infarction), muscle 
regeneration (e.g., in patients suffering from cachexia or other wasting disorders), 
pancreatic regeneration in diabetes, liver regeneration, etc. in each instance, cells, or a 
sufe«popnlation thereof may fee labeled with an imaging reagent ex vivo prior to 

IS administration, thus allowing the monitoring of these cells m vim, h v/vo; monitoring by a 
nuclear magnetic resonance technique may be useful, for example, to evaluate the viability 
of the administered eellsi . ,4 ■■doctor may tailor a dosing schedule depending art the degree 
to which labeled cells are detected in a patient after administration, in vivo monitoring 
May also be useful in determining whether therapeutic cells have localized to a desired 

20 location,: hi general, it will be possible to investigate correlations between the migration 
behavior: of therapeutic cells in. vivo, as well as the number and/or survivorship of 
therapeutic cells in vivo, and therapeutic outcomes. When such correlations have been 
established, the is i#b ima|bng of therapeutic cells may be used as a prognostic indicator 
Orat may be helpful in selecting the appropriate dosage, administration modes and 

25 additional therapeutic interventions that will benefit the patient. Certain imaging advances 
of the invention will benefit a broad range of cellular therapeutic strategies because these 
imaging methodologies will be able to detect wken f whore and j/'the therapeutic ceils have 
been delivered to the desired targets in pim. Additionally, the detection of labeled cells 
may he enhanced by quantification of labeled ceils in a R01, such as a particular organ or 

30 tissue. 

One example of an appbeation of technology disclosed herein is in tracking 
dendritic cells (DCs), DCs are fotown to be the most efficient antigen presenting ceils and 
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have the capacity to stimulate mi ve T cells to intfiste m mimune response. Because DCs 
are the most potent stimulators of immiijje response m tlm body 5 DCs represent a possible 
therapeutic approach to inc^asji^^^visj&i&^^f^mo^ to a patient's immune system, 
DCs are the focus of tumor vaccines in development. Varying met hods are used to expose 
5 the dendritic cells to rumor antigens ex lis, after wMeli educated dendritic cells are 
reinfhsed to stimulate development of T- cell mediated tumor killing. Data applying an 
embodiment of the present disclosure to the labeling and tracking of DCs and other ceil 
types, presented m WO20050727S0, is incorporated by reference herein. 

in addition to DCs, other cell types have demonstrated promise for immunotherapy 

1 0 in cancer and other diseases such as diabetes, although their progress has been hampered 
by many factors, including she inability to observe their movement following 
transplantation into animals and humans. Natural killer (NK) cells, when harvested, treated 
ex vivo, and .transplanted,, have demonstrated the ability to kill metastatic tumor cells. 
Additional cell types treated ex viva and transplanted to promote cancer immunity include 

15 iymphokine-aehvated killer (LAK) cells, tumor-infiltrating lymphocytes , and activated 
killer monocytes. Transplantation of T cells, which are white blood cells that attack 
pathogenic ceils, has demonstrated promise against a variety of oaucers,:; : mcfodfog; 
pancreatic cancer, in which clinical trials are beginning, and against multiple sclerosis and 
mSf infection, 

SO In certain aspects, labeled cells are administered to a subject for non-therapeutic 

purposes. For example,: cells may he labeled ex v/Vo, administered to a subject and then 
detected, with the expectation that foe labeled cells will behave similarly to like, unlabeled 
cells in vivo and may therefore be used to monitor the behavior of endogenous eel! 
populations. Monitoring may be used for the purpose of tracking movements of ceils, 

25 particularly in the case of cells that are known to be highly mobile, such as cells of the 
immune system, many types of stem cells and blood bom cells. Monitoring may also be 
used for the purpose of tracking viability or adherence of non-mobile cells at the site of 
implant. Cells of many tissues, such as muscle, liver, pancreas, kidney, brai n or skin will 
tend to be relatively stationary,- far 4i^pp^i^<«::«£MbsVmay' indicate a high death rate, 

30 low adherence, or other Information, Modern cell culture and sorting techniques allow the 
selective pooling and labeling of virtually any desired coil population, including various 
stem cell types, immune cell iypes^ and other blood ceil types. For example, cell surface 
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markers can be ns©d 'to sort mixed populations of cells to purify a population of interest 
As described in WO20O30727§(> and US pmvmdfial appl Ration No. 60/792003 (bath of 
which are herein incorporated by rsfcrenee in their entirety}, both T cells and dendritic 
ceils may be labeled ex vivo and detected m\4v&> 
5 As m example, labeled immaae cells may fee -used as detectable proxies -for the 

movements of immune cells in a patient. Immune ceils -.participate in end are markers for a 
host of Inflammatory and autoimmune disorders, as well as cancer and atherosclerotic 
plaque formation. As a general methodology, my process irivolvtag ibe r^crtdtment of 
immune cells may be detected in a patient by administering to the patient labeled immune 

1 0 cells. The accumulation of label in a particular area provides an indication of the degree of 
immune response occurring in that portion of the body. Traditionally, these types of 
studies involve histological techniques that are incompatible with jiving subjects. Certain 
methods of the disclosure may facilitate the development of therapeutic strategies for the 
treatment of human diseases. The ability to track selected populations of immune cells 

15 non-inVaS|vely s and: without the use of radioisotopes, can impact many areas Of basic and 
clinical Immunology, such as multiple sclerosis, diabetes, monitoring organ transplant 
rejeetiohj and cancer. For instance, tumors are often highly infiltrated by immune ceils. 
Labeled ceils may be imaged in a subject to reveal the location of a tumor, and in some 
instances may be m&M as a nph-invasive detection screen. Early defection of cancers has 

20 been a critical problem, as most early stage cancers are readily treated by surgery without 
resort to debilitating ehenmtherapetihe aggatls. Likewise, the progress of other 
infiammato:ry diseases may be monitored by tracking the dynamics of immune cells in the 
patient. The effectiveness of immunosuppressant therapy may he assessed as well, in the 
instance of an organ transplant recipient, the recipient could receive a dose of labeled 

25 immune ceils prior to receiving the transplantation, in viw monitoring of the 

accumulation of immune cells in the transplant could then be used as an early warning sign 
of rejection. In the case of transplants, the methods disclosed herein are particularly 
desirable because tire alternatives, biopsies, are well-known to increase the risk of organ 
rejection. 

30 As an additional example, cells fer use ln a bone marrow cell transplant, & a 

peripheral blood stem cell transplants may be labeled m vivo as described herein, 
administered, and monitored, in vivo by a nuclear magnetic resonance technique. Such 
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monitoring maybe used to evaluate the engraftmsnt of donor ceils In the recipient bone 
cavities, as well as survivorship and movement of labeled ceils in the recipient A 
physician can use information relating to the trafficking of .donor cells in a recipient as an 
early indication of the likely success or failure of the procedure. This type of early 
5 detection will allow physicians to tailor the post-transplant therapeutic regimen 

accordingly. Another cellular cancer therapeutic .where the. detection technology can -be 
applied is the allogeneic non~myeieabiative, or reduced intensity transplant This 
procedore may be used with a donor lymphocyte infusion to boost grafoversus- tumor 
effect which destroys cancer ceils, Mere the entire population, or a fraction, of transplanted 

10 cells could he labeled before infusion, A nuclear magnetic resonance technique could then 
be used determine where the cells traffic to in the body, which can be indicative of the 
efficacy of the procedure. As it is often desirable to limit the dose of allogeneic ceils to 
minimize rejection, the cell's trafficking pattern may be used to calibrate dose, in the 
above cancer cell therapies it may be desirable to selectively label one or more sub- 

I S population of the transplanted cells (e.g. , CD34* Stem cells or 7" cells) that arc believed to 
have therapeutic efficacy. 

As a further example, ceils involved in formation of new tissue,: such as in 
angtogenes!S s can be labeled, administered to a subject, and detected to identify hotspofs of 
tissue fomudipn, For example, smooth muscle cells and/or endothelial precursor ceils may 

20 be labeled and introduced into the bloodstream. Such cells arc expected to accumulate at 
sites of angiogenic activity, ABgiogenic..;aetivity may be associated with physiological and 
pathological events such as menstrual cycling, early pregnancy, collateral vessel formation 
in response to arterial blockages, tumor development and wound healing. Similarly, ceils 
Involved in wound healing, such as. fibroblasts, may he labeled and administered 

25 systemicaliy or to a site of suspected injury in order to monitor cellular behavior. 

For example, a medicament or delivery device containing labeled cardiomyocytc 
lineage ceil aggregates or cells derived ihemfrom may be provided for treatment of a 
human, or animal body, including formuiations for cardiac therapy. Canlfoniyocyte lineage 
cells may be administered to a patient in a method for reconsti tuthtg or supplementing 

30 contractile and/or paeenraksng activity in cardiac tissue {see US Patent Application No. 
20060040389, 200501 12104,: 200S02443M, which are incorporated in their entirety 
herein). 
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In accordance with the present /invention labeled eardiomyoeyie lineage cells are 
used, to regenerate -or repair striated cardiac museie that has been damaged through disease 
or degeneration. The labeled cardiomyoeyte lineage cells integi^te with the healthy tissue 
of the recipient to replace the fonction of the (lead or damaged cells, thereby regenerating 
5 the cardiac muscle as a -whole. Cardiac muscle does not normally have reparative potential 
The labeled eardiomyoeyte lineage cells are used, for example, in cardiac muscle 
regeneration for a number of principal indications: (1) ischemic heart implantations, (ii) 
therapy for congestive heart failure patients^ (hi) prevention of further disease for patients 
undergoing coronary artery bypass grail, (iv) conductive tissue regeneration, (v) vessel 

10 smooth muscle regeneration and (vr) valve regeneration. 

The administration of the cells can be directed to the heart, by a variety of 
procedures, Localized administration is preferred/The mesenchymal stem cells can he 
ffhfp a spectrum of sources including, in order of preferencer autologous, allogeneic, of 
xenogeneic.: There are several embodiments to this aspect, including the following,: The 

IS present/invention allows monitoring of the progress of these eel! M vivo. 

The eardiomyoeyte lineage cells may be cardiomyocyte pmeursbr cells, or 
differentiated 'cardiomyocyt.es. Diflerentlated eardiomyocytes include one or more of 
primary eardiomyocytes, nodal (pacemaker) cardiomyocytes; conduction eardiomyecytes; 
and working (contractile) eardiornyocytes, which may be of atrial or ventricdiar type, Ip 

20 certain embodiments, cells come from a muscle sample (or other sample) that contains 
muscle progenitor cells snob as ; satellite cells (see US Patent Applicatton Mo. 
200;502443B4}, in certain embodiments, cells are mesenchymal stem cells (MSGsJ (see 
US Patent Application No. 200501 521041, 

A "cardiomyocyte precursor'* is defined as a ceil that is capable (without 

25 dediiTerenuauon or reprograoonmg) of giving rise to progeny that include eardiornyocytes. 
Such precursors may express markers typical of the lineage, including, without limitation, 
cardiac troponin I (cTni), cardiac 8$|H>mo T^cTn'Q, Sitreesnejrie myosin heavy chain 
(MBC), GATA4, Nkx2,S, N-cadheriu, .beta. I -adrenoceptor (.beta. IM% AW, the MEF- 
2 family of transcription factors, creatine kinase MB (CK-MB), myoglobin, or atrial 

30 natriuretic factor (ANF), 

In certain instances, cells may prove to be so thoroughly associated with a 
biological site or structure of interest that the labeled cells may be administered for the sole 
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purpose of aiding in the vipmlfrMkm of such & structure. As mentioned above, immune 
cells cliaracienstscaliy infiltrate ffimfe. Accordingly, labeled immune eelfs may be 
administered for the purpose of vjsualizmgtutrsofs. 

Technology disclosed herein may fee applied to studies of animal models of human 
5 diseases. Various animal models of diseases may evioee ahered dynamics or survival of 
one: or more ceil populations. Such cellpopolaf ions may be labeled, administered to the 
animal and monitored. For example, the inffitrstion of immune cells into the pancreas of 
the NOD mouse model for d iabetes may he monitored . Other examples, of animal mod els 
include: experimental allergic encephalomyelitis (multiple sclerosis model), gliosareoma 

10 tumor models, and organ- transplant rejection.. By tracking p.henot^ically-deilned 
populations of immune ceils in these models, one Can elucidate aspects of the disease 
etiology and monitor how cell trafficking is affected by therapeutics. This method may be 
used, for example, to screen for drugs that have a desired effect in m auimai model, A 
drug screening assay may comprise administering labeled cells to an animal and detecting 

IS the cells in vim in the presence of a test agent Changes in cell behavior thai are correlated: 
with the presence of the test agent may he indicati ve of a therapeutic effect Such changes 
may he dejected bv comparison to a suitable reference, indndmau for examples the same 
animal before and after treatment with the test agent or a separate, untreated animal In 
addition to a test agent, the methods may he used to evaluate the effects of test conditions, 

20 such as an exercise regimen, injury, genetic alteration, otc> As m example, it m expected 
that a drug for treatment of an autoimmune disease would decrease the tendency of 
immune cells to accumulate in an affected tissue. In addition to steady state evaluations, 
methods disclosed herein may foe used to evaluate kinetic properties of cells, such as the 
rate at which cells arrive at a particular site and the time of .signal persistence at a site- 

25 Drug screening assays may be particularly powerful when combined with m vivo 

moni toring of tightly defined cell populations, such as certain groups of immune ceils thai 
are implicated in various disorders. For example, monitoring of labeled cytotoxic T cells 
may he particularly useful in identifying drugs that may he useful in preventing transplant 
rejection. The ability to monitor cells in vim provides a; powerful assay that may be 

30 applied to the analysis of essentially any experimental animal, ineludmg, for example, any 
of the various transgenic Or otherwise mutant .mice that have been generated, 
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Several groups have studied l#elmg 'md visualising mmmm cells using MR! 
contrast agents. Other «se8^t«s' : have MRI contrast igeats td label celt types such as 
stem cells and neuronal precursors. The majority of these studies render the ceils 
oiagiietiealiy-distinet via the Incorporation of superpara?Bagnetic ircm-oside (SPIO) agents, 
5 Cells labeled with contrast agents incorporating other types .of metal torn, particularly 
gadolinium and manganese have also been used. In studies utilizing these metal-ion based 
agents, the compounds are not directly imaged; instead, one observes their indirect effect 
on surrounding waters. The presence of the agent tends to shorten the relaxation times (Tn 
T 2> or T 2 *> of water in proximity to the compotnid; these effects can be detected m 

10 relaxation time- weighted images. SPIO agents, for example, impart contrast to 

conventional ! H linages by locally perturbing the magnetic field experienced by the nearby 
mobile water molecules, which In turn modulates IT T>, or T 2 \ Methods described herein 
are distinctly different from all methods using metal Ion based contrast agents because 
signals from nuclei in the imaging reagents may be directly detected and, optionally^ 

15 imaged. 

&o Inherent drawback to detecting labeled cells using metal-ion based contrast 
agents is that one is often in a situation where it is necessary to interpret subtle changes in 
grayscale -contrast in regions that are believed to contain labeled cells, 'the large ! H 
background signal from, the high concentration of mobile water present in tissues can ma.ke 

20 it difficult to unambiguously identify regions containing labeled ceils; this is especially 
problematic if the labeled cell biodistribution U not known a priori. The results Of a 
Snapshot* image are often ambiguous as to whether labeled cells are present in a specific 
tissue. This is a particularly vexing problem when trying to detect SPIO labeled cells in 
iron-laden organs that intrinsically appear dark in anatomical (TrorTj '-weighted) images, 

25 such as in the liver or the spleen. Often one must resort to detecting the time-lapse image 
intensity changes in a particular organ over a period of several hours to verify that labeled 
cells have accumulated. Furthermore, quantification of labeled ceils in vivo in regions of 
interest using metal-ion based contrast agents is problematic, and there is generally no 
simple and reliable way to do this using relaxation-time weighted MR! or by using 

30 quantitative relaxation-time MR! maps. 

hi certain aspects, the dtsciosisre provides muitisp^trai 19F MR! reagents. In 
certain embodiments, a wide spectral separation between MRI reagents is useful for two 
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channel MM imaging, because it allows imaging of one cell type feg. DCs labeled at one 
frequency) simultaneously with wother <«Iity|je(e,f, T cells, labeled with PfPE). In 
eettaih embodiments, this allows : tor studies of celi-ceil interaction in vivo by 1 9F Mill . In 
certain embodiments, two-channel MRI is to be able so :.sjH?$tanepusly track more then 
5 one cell type by noninvasive methods and study i?? vim in real time cell-ceil i nteractions. 
Such applications are highly relevant, tor example, in the fields of cancer and 
inflammation.. 

Thus the methods and '/compositions: disclosed herein provide much needed tools in 
the fields of medicine and biology, 



The imaging reagent used in the subject methods is -a lluorocarboa, i.e., a molecule 
including at least one earbonimorme bond. By virtue of the l9 V atoms, the imaging 
reagents disclosed herein may be detected by ,V F MR! and other nuclear magnetic 

15. resonance techniques,, such as MRS techniques. In certain preferred embodiments, a 
fmoroearfebn imaging reagent will have one or more of the following properties; 1} 
educed Cytotoxicity; 2) a H F NMR spectrum that is simple, ideally having a single, 
narrow resonance to minimize chemical shift artifacts; 3) high sensitivity with a large 
number of KMR -equivalent fluorine atoms in each molecule; 4) formulated to permit 

2(| efficient labeling of many cell types and not restricted to phagocytic cells. Preferably, the 
inlagmg reagent^ to carbon, e.g., greater than 5, 

greater than 1 0, greater than 1 5 or greater than 20 fluorines hound to carbon. Preferably, at 
least 4, at least 8, at least 12 or at least IS of the fluorines have a roughly equivalent NMR, 
chemical shift. 

25 For labeling cells in culture, the imaging reagents can be employed in one or more 

of at least three modalities: I) imaging reagents that are hitemalked or otherwise absorbed 
by target ceils without the formation of any eovalent or other binding association; 2} 
imaging reagents that covalentiy attach to target cells; and 3) imaging reagents coupled to 
molecules, such as antibodies or ligsnds, that hind to molecules present on the target cells. 

3 0 Imaging reagents of the first type i nclude the perfluoro crown ethers and other 

peril uoropoi yethers (PFPEs) that are taken up by cells and, preferably, are retained in the 
ceil without degradation for asubstahtbl period of time, e.g., havinga half l ife in the cell 
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of at lessi I hour; at least 4 hours, at least about a day, at least about three days, or even a t 
least about a week. For obvious reasons, it is preferred that the imaging reagent not 
interfere with ordinary cellular functions or exhibit eytOtOxicity at the concentrations 
employed for labeling. As demonstrated herein, perflooropolyefeejs show reduced toxic 
S effect on the labeled cells, 

I maging reagents of the second type inclodo eleetropliilie compounds that react 
with nucleophilic sites on the celf surface, st*eh as exposed^hio!, amino, and/or hydroxy! 
groups. Accordingly, imaging teag^ts-'siich.^.maleimides., alky! iodides, hi - 
hydroxysuecinunide or N- lrydrosysollbsoeoiniroide esters (MHS or sulfo-NHS esters), acyl 

1 0 succinimides, and the like can form covalent bonds with eel! surfaces. Oilier techniques 
used in protein coupling can be adapted for coupling imaging reagents to cell surface 
proteins. See Means et. al > ( 1 990) Bi^njugatg,|Q|iem,j§,^ry 1:242, for additional 
approaches to such coupling.. 

Imaging reagents of the third type can be prepared by reacting imaging reagents of 

IS the second type not with the cells themselves, but with a functional '.moiety that is a cell- 
targeting ligand or antibody. Suitable Uganda and antibodies can fee selected tor the 
application of interest. For example, a ligand that selectively targets hematopoietic cells 
could he labeled with an imaging reagent as described herein and administered to a patient, 
such as by injection. 

2d Alternatively, an imaging reagent can he coupled to an indiscriminate internalizing 

peptide, such as antepennepedia protein, I-11V transactivating (TAT) protein, m&stoparam 
melittin, bomholitdn, delta hemolysin, pardaxin, Pseudomonss exotoxin A, clathrin, 
Diphtheria toxin, €9 complement protetp, or a fragment of any of these. Cells treated with: 
this indiscriminate molecule ex mm will absorb the imaging reagent. When such labeled 

25 ceils are. implanted Into an animal, such as a rnammaf the imaging reagent can be used to 
visualize and/or track the implanted cells by nuclear magnetic resonance techniques. 
In one embodiment, the internalizing peptide is derived from the drosophila 
antepennepedia protein, or hornologs thereof The 60-amino acid-long homeodomain of 
the horneo-proiein antepennepedia has been demonstrated to translocate through biological 

30 membranes and can facilitate the translocation of heterologous polypeptides to which it Is 
coupled. See tor example DefOssl et ah { 1 #4) J BiolCfmm 269:10444- 10450; and Perez 
et al. (1992) J Ceil Sei 1 02:7 1 7-7:22. It has been demorsstrated that fragments as small as 
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I o amino adds long of tins protein are suffieiehtte drive iniemaiization... See Derossi et a!. 
{ 1 996) JBml Chem 271 mi 88-1 8 193. 

Another example of an internalizing peptide is the BiV transacii vaior (TAT) 
proteni. This protein appear t® be divided into- four domains- (Kuppuswaray et at (1989) 
5 'Noel .Acids Res, 1 7:355 1 -3561). Purified TAT protein is taken up by cells in tissue culture 
(Prankel and Paho, (1989) 55: 11 89- 1 193}, and peptides, such as ihe fragment 
corresponding to residues 37 -62 of TAT. are rapidly taken up by cel.! m vi#» (Green, and 
Loewmsteiu, (1989) Cell 55:1 1 79-1 188). The highly basic region mediates internalization 
and targeting of the internalizing moiety to the nucleus (Ruben et at, {1989} X, Virol 63:1- 

10 8). Peptides or analogs thai include a sequence present in the highly basic region can be 
conjugated to fiuoriuaied imaging reagents to aid in internalization and targeting those 
reagents to the intracellular milieu. 

Another PFPB composition of interest is linear PPPEs derivatb:ed with a variety of 
end groups. The linear compounds have the advantage that one can conjugate a variety of 

15 rnndt jonai entit ies to the end gro ups, such as Functional moieties of various types: The % 
MMR sp^etm of these linear commands .generally is more complex than the maeroeyelie 
compounds, but a PPPE with two well-separated NMR signals can also be used. In this 
case it may be desirable to use an MR! pulse sequence that incorporates one Or more off- 
rcsostanee saturation pulses applied to the smaller resonance to eliminate any chemical 

20 shift artifacts. 

The present invention provides certain novel perflnoropolyether diamidc 
compoondSj including purified preparations of those compounds that may be used as 
imaging reagents m methods of the invention. For instance* the invention provides 
compounds of any one of Formulae 3-9: 




ft). 




52 



Q 



H0 



v. ,f<X s 

xr k !o 

f Fj •• f 



if ft ly 



o 



1 V V 5 

f ¥ ^f- /( ! ° I 

( V) 6 x ..,- j Ff[ FF j„ Q 



0 



(4), 



FF FF 



6 



(5), 



HO., 



f 

..•"v ..•••\, 

H X 
FF 



X 

F F 



TO 

J B 



LA 



OH (6) 



5siH s 



: AV . ■•••^ J A .... A i J> 



r y n x! X 

A F Fi; F F 



v h r T 

o 



n 



l H 



f: Fl ST F 

o, A! A 



Y ] 



F F 



0 



(8), or 



o 



R F S F 



V I V H 
sf, j..-- ^ s v .,i-CX x Al ,> X. yH-i! v-'V 



" " 5 H 



F F: F F 



0 



(9), 



wherein 

n, independently for eaen Occurrence, represents an integer from .4 to A 
In certain embodiments* it lii^ar^^ii&rc^l^hef may be derivatteed with a 
10 relatively hydrophsiie moiety at om of both ends, For example, the hydrophifte moiety 
maybe a- polyethylene glycol, thus forming a bfoek copolymer with water-soluble region? 
on one or both esd{s) and ft$yi!ro$hp&rc -region |n:..the-.cent«r. When mixed in an aqueous 
environment* imaging reagents of this type will tend to form micelles, with the F.FPE core 
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surrounded bv a water-soluble cost. Amine-P EG blocks are commercially available with a 
range of tnol cellar, weights. In certain enihodhnenits, the mvejatkm- provides novel 
perfiuoropolyether dtamide compounds mat eontato one or more .polyethylene glycol 
(PEG) groups. These derivatized periluoropolyetber diaffiide compounds may be used as 
imaging reagents m methods of the ifiveotJon, For example, the in vention provides 
compounds of any one of formulae 10-15; 
o 1 8 p; m ¥ 
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wherein 

ii, independently for each oceurrenee, repseserits an integer from 4 to 16; and 

m, independently for each occurrence, represents an integer from 4 to 

A particularly useful application of linear FFPEs is the synthesis of a "dual mode" 

«j ... 

agent that can be detected by F nuclear magnetic resonar^ce techniques and includes a 
detection moiety that facilitates detection by a second deiectjon method. As an example, a 
llcorescent moiety attached to the end groups may be used to generate imaging reagents 
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that can be visualized with F MR] and fluorescence microscopy. A wide range of 
fluorescent moieties m&f be used in a dual-raifde agent. Many suitable iluorophores are 
k'tunvn, including fluorescein and its derivatives (e.g., Oregon Green 488 and 514, 
DicWwftuor^^ ^C^l^x^v^i^db,, etc., where ali arc available from Molecular 
5 Probes), lissamine, phyeoeryihrio, ruodanhue (Porkiij Elmer Cetus)., Cy2 s Cy3, Cy3>,$, 
CyS, Cy'5.3, Cy7, Ahm dyes (Moieeuiar Frones), BOPlPydyes (Molecular Probes) and 
FiuorX ( Amershatn). Fluorescent moieties include derivatives of fluorescein,, 
benxoxadioazole, eoumatin, eosin, Lucifer Yellow, pyridyloxaisoie and rhodamme. These 
and many other exemplary fluorescent moieties may be found in the Handbook of 
10' Fluorescent Probes and Research Chemicals (2000, Molecular Probes, lac). Additional 
fluorescent moieties include fluorescent naoocrystals, such as the M ^uanto dot" products 
available from Quantum Dot Corporation (Hayward, Calif.}. Such nanOerysMs may be 
constructed with a semiconductor core baling an appropriate emission spectrum (e,g. s 
GdS, CdSei CdTo}, a shell composed of a noh-ernissivetraospareut and relatively non- 
15 reactive materi a! that can be efficiently wed to the underlying core material (e.g., SS), 
and a coating that provides desirable solubility (e.g., tor solubility in aqueous, 
physiological solutions) and possible reactive groups for attachment to a Ouorocarbon 
described herein. 

Dual mode imaging reagents that permit fluorescent detection arc particularly 
20 useful in a variety of applications. For example, fluorescent labeling pennies mo use of 
fluorescence-based cell sorting mechanisms, such as fluorescence Activated Ceil Sorting 
(FACS:). Cell sorting may be desirable, for example,, to enrich lor a population of eelis fhat 
have been successfully labeled. This may be particularly useful where labeling has been 
directed to rarer cell populations. Dual mode agents are also useful for finding and 
25 characterizing, labeled cells after they have been implanted into a living subject In this 
application; cells maybe biopsied, or by some other means harvested, from the subject 
after they have resided there for some duration. Biological analysis of the harvested cells 
can then he performed. For example, F ACS analysis can be performed on the harvested 
cells, where after positively selecting cells for the fluorescent PFPE label, the ceils can be 
30 assayed for the expression of specific cell surtace markers (using a different color 

fluorescent probe} to investigate any change In ceil pheootype that occurred following 
implantation. Fluorescent labels may also be used for fluorescence microscopy of ceils. 
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particularly using three-dimensional ^n^c^''^ote^^^Mc^^i>^ Fluorescence 
microscopy will not generally he me&l fotmimp vismM&iim of deep tissues containing 
labeled cells, but surface tissues may ho visualised as well as tissue samples. Dml 
labeling will be particularly valuable m callbrafifig and validating any new .fktorocarben- 
based nuclear magnetic resonance labebng method, Resoits obtained by, for example, 
MR.i/MRS may be compared to those obtained by fiuorescCiiee detection, both in cultured 
labeled ceils (biopsied or otherwise) 'm&;iii--yim > to the extent possible, A known 
fluorescence signal strength .per unit moteeuk or nanoparticle may be used So calibrate the 
cellular dose in vitro (ie„ Po). 

In certain embodiment^ tb© invention provides novel perfiuoropolyether di amide 
compounds that contain one or more fluorescent detection groups. These derivatized 
peril uoropolyether diamide compounds may fee used as imaging reagents in methods of the 
invention. For example, the invention provides compounds of any one of formulae 16* 1 .9 
or 40*41: 
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wherein 

n 5 : iadependenrly fox each occurrence, represents an integer from 4 to 18; snd 
A!exaPluor647 is a residue of AiexaPiuord47 fluorescent dye available from 
fylefeeoj ar Probes™ . 

in certain embodiments, life Invention provides hove! perfhioropo! yelher diamide 
compounds that coiitais oue ^r «|of^ fluorescent detection groups and one ori more PEG 
groups. Those deri vaiized pedhuoropolyeiher di amide compounds may be used as imaging 
reagents in methods of the invention. For example, me invention provides compounds of 
any one of formulae 26-37: 
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ris independently for each oecwenee, 'repr^nts^lMeger from 4 to 16; and 



hi. certain embodiments, the compound of formula 26 is represented by a 
compound of 'formula 20: 

,-'^ N Jk icK >XJ ,X >nJ .,--s n K A .-fk. 

V / 



/ 



•OsS^Y" \ ..../ 

' 

wherein 

n, independently for each occurrence, represents an integer from 4 to 16. 
In certain embodiments, the compound of formula 27 is represented by a 
compound pf formula 2 1 ; 
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wherein 

n, independently for each occurrence, represents an integer from 4 to \ 6. 
In certain embodiments, the compound of formula 28 is represented' by a 
compound of form ok 22: 
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wherein 

n, independently for each occurrence, represents an integer ftom 4 to 16. 
in certain embodiments, the compound of formula 29 is represented by a 
compound of formula 23: 
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ii, independently for each occuoenee, represents an integer from 4 to 1 6» 
In certain embodiments, the compound of formula 30 is represented by a 
compound of formula 24; 
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% Independently for each oecnrrence, represents an Integer horn 4 to 16. 
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In certain embodiments,- the compound of formula 31 is represented by a 
compound of formula 
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wherein 

n> independently for each oceutTenee, represents an integer tea 4 to 1 6, 

lii cerlsun embodiments, the invention provides a composition- comprising two or 

more compounds of any one of formulae i -37 or 40-41, o^ with differing values of si. 
The present invention provides eertam compounds with a substantially different 

dhemvesi shift from PFPE, including purified preparations of those compounds thafmay be 

used as imaging reagents in methods of the invention. For instance, the invention pro vides 

a compound of formula 4% 

Cfj 

The present invention also provides novel compositions comprising combinations 
of the compounds recited above. For example, the present invention provides a 
composition comprising a compound of formula 1 0 and a compound of formula \ . In 
certain embodiments, the composition comprising a compound of formula 10 and a 
compound of formula I contains the compound of -formula 10 and the compound of 
formula I in a molar ratio from 4:1 to i;ll)0. in certain embodiments Ahe composition 
comprising a compound of formula 1 0 and a compound of formula I contain the 
compound sf 'formula 10 and the compound of formula 1 in a molar ratio of 1 :2. 

lite present invention provides a Idrther composition comprising a compound. Of 
formula 12 and a compound Of formula I . In certain embodiments, the composition 
comprising a compound of formula 12 and a compound of &rm«|a I contains the 

61 



compound of formula 12 and the?^mpd«ii<$-of-fe«^% : 1 in a molaf nitio from 1:1 to 
1:100. In certain embodiments, the composition comprising a compound of formula 12 
and a compound of form ula 1 iceitfg fa &e4%$p$3«iRd- 12 and the .compound of 

formula 1 in a molar ratio of 1:4. 
5 The present invention provides a forther composition comprising a compound of 

formula 14 and a compound of foroioia L In sjertam embodiments, the composition 
comprising a compound of formula 14 and a compound of formula I contains the 
compound of fbrmnia 14 and die compound of fonnul a 1 in a molar ratio from 1:1 to 
1:100. In certain embodiments, the composition comprising a compound of formula 14 

10 and a compound of .formula 1 contain the compound of formula 14 and the compound of 
formula i in a molar ratio of .1 :10. 

T he present invention provides a further composition comprising a compound of 
formula 16 and a compound of formula 1, In certain embodiments, the composition 
comprising a compound of formula 16 and a compound of formula 1 contains the 

15 compound oFformula 16 and the compound of formula 1 in a molar ratio from 1:1 to 
1:100* In certain embodiments., the composition comprising a compound of formula 16 
and § compound of formula 1 contain the compound of formula IP and the compound of 
formula 1 in. a molar ratio of I ;100. 

The present invention provides a further composition comprising a compound of 

20 formula 18 and aeompound of formula 1, In certain embodiments, the composition 
comprising a compound of fonnofa 1 $ and a compound of formula 1 contains the 
compound of formula lis and the compound of formula 1 m a molar ratio from 1:1 to 
1:200. In certain embodiments, the composition comprising a compound of formula.lS 
and a compound of formula 1 contain the compound of formula 18 and the compound of 

25 formula 1 in a molar ratio of 1 :50. 

T he present invention pwhies a further composition comprising a compound of 
formula 40 and a compound of formula 1. In certain embodiments, the composition 
comprising a compound of formula 40 and a compound of formula i contains the 
compound of formula 40 and the compound of formula 1 m a molar ratio from 1:1 to 

30 1 :200. In certain embodiments, the composition comprising a compound of formula 40 
and a compound of fonriula 1 contain the compound of formula 40 and the compound of 
formula I in a molar ratio of 1:40, 
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The present invention ^^^vt-^ir^r^^poptid'n comprising a compound of 
formula 1 6 -and a compound of formula 17. in certain such embodiments, the composition 
further comprises a compound of formula 1. 

The present invention pmi^d^,a:'l^itfe^im«s-p®.S!tioa comprising a compound of 
formula 19 and a compound of formula fa certain mch embodiments, the composition 
further comprises a compound of formula 1 . 

The present invention provides a Either eomposi ticm comprising a compound of 
formula 40 and a compound of formula 41 . In certain such embodiments,, the composition 
further comprises a compound of formula I, 

The present invention provides a further composition comprising a compound of 
formula 10 and a compound of immula 20. 

The present invention provides a further composition comprising a compound of 
formula 10, a compound of .formula 20, and a compound of formula 1. 

The present invention provides a former composition comprising a compound of 
formula I I arid a compound of formula 21 . 

lire present invention provides a farther competition comprising a compound of 
formula 1 1 and a; compound of formula 22. 

The present invention provides a farther composition comprising a compound of 
formula 12 and a compound of formula: 23. 

The present invention provides a farther composition comprising a compound of 
formula 3 2, a epmpoUnd of formula 23, and a compound of formula 1. 

The present invention provides a further composition comprising a compound of 
formula 13 and a compound of formula 24. 

The present invention provides a forther cornpositiOfj comprising a compound of 
formula 13 and a compound of formula 25. 

The preset invention provides a farther composition comprising a compound of 
formula 10 and a compound of formula 26, 

The present invention provides a farther composition comprising a compound of 
formula 10, a compound of formula 26, arid a compound of formula 1. 

The present invention provides a further composition comprising a compound of 
formula 1 1 and a compound of formula 2 7 . 
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T he present invention provides a fortlver composition comprising a compound of 
formula 1 1 and a compound of formula 28. 

The present mventioft provides a .fonher composition .comprising a compound of 
formula 12 'and a compound of formula 29, 
S The present invention provides a further composition comprising a compound, of 

formula 12., a compound of formula ?$, sod a compound of formula 1, 

The present invention provides a farther composition comprising a compound of 
formula 13 and a compound of formula 30. 

The present invention provides a ferther composition comprising a compound of 
1 0 formula 1 3 and a compound of formula 3 1 . 

The present invention provides a further composition comprising a compound of 
formula 10 and a compound of formula 32. 

The present invention provides a further composition comprising a compound of 
formula 1 0, a compound of formula 32> and a compound of formula ! , 
15 The present invention provides a farther composition comprising a compound of 

formula I S and a compound of formula 33. 

The present invention provides a further composition comprising a compound of 
formula 1 1 and a compound of formula 34, 

The present invention provides a further composition comprising a compound of 
2i) formula 1 2 and a compound of formula 35. 

The present invention provides a further composition comprising a compound of 
formula 1:2, a compou nd of formula 3$, and & compound of formula L 

The present invention provides a further composition comprising a compound of 
formula 13 and a compound of formula 36. 
25 The present invention provides a further composition comprising .a compound of 

fonnula 13 and s compound of fonnula 37- 

The present Invention also provides composiuons comprising combinations of the 
compounds recited above and FFPE oxide, formula la (PernuoropolyCsfoylcne glycol) 
Dialkyl Ether, Exfluor Inc., TX), 
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PFPE oxide, 1a 

wherein. 

p represents an Integer ftsm- 8 t& 13: and 

Ef is CF* and CF1CF3 m a ratio of 2:1, based eh \9F NMR analysis, 
S For example, the present inventfon provides & composition comprising a compound 

of any one of formulae I -9 and a compound of formula 1 a. In certain embodiments, the 
present invention provides a composition comprising a compound of formula ! and a 
compound of formula la. As a further example, the present Invention provides a 
composition comprising a compound of formula 10 and a compound of formula la, 'The 

1 0 present invention provides a further composition comprising a -compound of fdpnula 10, a 
compound of formula 1, and a compound of formula la. The present invention provides a 
forfher composition comprising a compound of formula 12 and a compound of form ula l a. 
The present invention provides a further composition comprising a compound of "formula 
12, a compound of formula 1 , and a compound of formula 1 a- The present Invention: 

IS provides a further composition comprising a compound of formula 14 sod a compound of 
formula l a. The present invention provides a further composition comprising a compound 
of formula 14:, a compound of formula 1, and a compound of formula la. The present 
Invention provides a further composition comprising a compound of formula 16 and a 
compound of formula la. The present invention provides a further composition 

20 comprising a compound of formula 16, a compound of formula 1 , and a compound of 

formula la. The present Invention provides a further composition comprising a compound 
of formula 1 8 and a compound of formula i s. The present invention provides a further 
composition comprising a compound of formula 18. a compound of formula 1, and. a 
compound of formula l a The present invention provides a further composition 

25 comprising a compound of formula 40 and a compound of formula 1 a. The present 
invention provides a further Composition comprising a compound of fbnnuia 40., a 
compound of formula 1, and a compound of formula la. The present invention provides a 
further composition comprising a compound of forruufa f, a compound of formula 1.6, a 
compound of formula 17, and a componnd of formula la. Thepresent 'invention provides 
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a further composition comprising a comp0uml of fomiula 1, a compound of formula 1% a 
compound of formula 19, and a compound o f formul a la. The present "invention provides 
a further- composition comprisiuu & cOTUpound of fonuula 1, a compound of formula 40, & 
compound of ' 'formula 41, and a compound of formula la, The present invention provides 
5 a further composition comprising a compound of formula X% a compound of formula 20, 
and a compound of formula. I a. The present invention provides a further composition 
comprising a compound of formula 10, a compound of formula 20, a compound of ■formula 
3 , and a compound of formula la. The present invention provides a further composition 
comprising a compound of formula 1 1, & compound of formula 21, and a -compound of 

1 0 formula I a. The present invention provides a forther composition comprising a compound 
of formula 11, a compound of formula 22, and a compound of formula 1 a. The present 
invention provides a further composition comprising a compound of formula 1 2, & 
compound of foimsuia 23, and a compound of formula la. The present invention provides 
a further composition comprising a compound of formula 12, a compound of formula 23, a 

13 compound: of formula I, and a compound of formula la. The present Invention provides a 
further composition comprising a compound of formula 1 3, a compound of formula 24* 
and a eonvnound of formula la. The present- invention provides a further composition 
compri sing a compound of formula .13, a compound of formula 25, and a compound of 
formula la. The present invention provides a further composition comprising a compound 

20 of formuik 10, a compound of formula 26, and a compound of formula I a.. The present 
Invention provides a further composition comprising a compound of formula 10. a 
compound of formula 26,:aepmpOund of formula I, and a Compound of fonudla la. The 
present invention- provides a further composition eompri si eg a compound offommla 11, a 
compound of formula 27, and a compound of formula la. The present invention provides 

25 a further compos ition comprising a compound of formula II, a compound of formula 28, 
and a compound of formula la. The present: invention provides a further composition 
comprising a compound of formula 12, a compound of formula 29, and a compound of 
formula 1 a. The present invention provides a ■ further composition comprising a compound 
of 'formula 12, a compound of formula 2^, a compound of formula I, and a compound of 

30 fonnnia la, The present Invention provides a forther eomposition comprising a compound 
of formula 13, a compound of formula 30, and a compound of formula Is. The present 
invention provides a further composition comprising a compound of 'formula 13, a 
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compound of formula 3 1 , and a compound of formula I a. The present invention provides 
a further composition eompHsinga compound of formula i% & compound of fdrthula 32, 
and a conumund of formula la. The present .invention provides a mrtner composition 
comprising a compound of formula 10, a compound o f fonnufa32, a cothpotihd of formula 
1, and a compound of formula la. The present invention provides a further composition 
comprising a compound of formula 1.1, a compound of fbrmula 33, and a compound of 
formula la. The present invention piovMes a forther cornpositiors comprising a compound 
of formula If, a compound of formula 34., and a compound of formula la. The present 
invention provides a fori her composition comprising a compound of formula 12, a 
compound of formula 35, and a compound of formula 1 a. The present invention provides 
a former composition comprising a compound of formula 12, a compound of formula 35, a 
compound of formula L and a compound of formula la. The present invention provides a 
further composition comprising a compound of formula 13, a compound of formula 36* 
and a compound of formula la. The present Invention provides & further composition 
comprising a compound of formula 13, a compound of formula 3? S: and a compound: of 
formula I a. in certain embodiments Of any of the foregoing, the composition comprises 

V/v¥f ^tftpd^ :Of fc«aUl»-% : Sueh mWA , 81%, 82%, 83%, 84%, 85%, 
86%, 37%, S8%, 89%, 96%,- 91%, 92%, 93%, 94%, or 95% v/v of a compound of formula 
la. 

The present Invention also provides eomposdions comprising confoimnfons of the 
compounds recited above and perfluoro- 1 S-cfown-S ether. For example, the present 
Invention: provides a composition comprising a compound of any one of formulae 1 -9 and 
perfluoro- 1 5~erown~5 ether, in certain embodiments, the present Invention provides a 
composition comprising a compound of formula 1 and perfluoro- 1 5-crow.o-S ether. The 
present invention further provides a composition comprising a compound of formula la 
and per0uoro-15-erown-5 ether. As a further example, the present invention provides a 
composition comprising a compound of formula 10 and perfluoro- 1 5-crewn-S ether. As a 
further example, the present invention prasddes a composition comprising a compound of 
formula 1.0, a compound of formula I , and pertlusro-iS-crown-S ether. The present 
invention provides a further composition comprising a compound of formula 12 and 
perfluoro- 1 5-crown-5 ether. As a further example, the present invention provides a 
composition comprising a compound of formula 1% a compound of formula 1 , and 
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I>erf1 «oro-l 5-mywa~5 ether. The presem invention provides a fetter composition 
comprising a compound of formula 14 and pwrluoro-lS-erowo-S ether. As & -further 
example, t he present invention provides a-eompositton comprising a compound of formula 
14, a compound of formula I, ar^dperSooro-l5^erowh-S ether. Thepresent invention 
5 provides a further composition comprising a compound of formula 1 6 and perfiuoro- 1 $- 
crown- S ether. As a further example, the ppesent myention provides a composition 
comprising a compound cd formula 16, js compound of fonnula 1, and perlluoro-15-cro wO" 
5 ether. The -present invention provides a further ■ composition comprising a compound of 
formula 1 8 and perfiuoro- 1 5--etown-5 ether. As a further example, the present invention 

1 0 provides a composition comprising a compound of formula 1 S„ a compound of formula ! , 
and perfiuoro- \ 5-crown-5 ether. The present invention provides a .further -composition 
comprising a compound of formats 4Q and perrfooto-35-eruwn-3 ether. As a further 
example the present invention provides a composition comprising a compound of formula 
40, a compound of formula 1, and perfiuoro- 15-crown-S ether. The present invention 

IS: forthOr provides a composition comprising a compound of formula Id. a compound of 
formula 17< a compound of formula 1, and perfiuoro- 15- crown- S ether, Thepreserh 
invention former provides a composition comprising a compound of formtds 18, a 
compound of formula 19, a compound of formula L and perfiuoro- I S-etowh-S ether. The 
present invention further provides a composition comprising a compound of formula 40, a 

30 compound of frirmula 41 , a compound of formula 1 , and perfiuoro- !S-crewn-S ether. The 
.^ent|«^ipn-.|>^vldes a -forte ^85.jJOS3t^:cpmprising a compound of formula I Ova 
compound of formula 20, and pet%oro-lS-cmwn-3 ether. The present invention provides 
a tuunei composition compmmg « compound ot k« inula i u« a oomuvuno ot mnnma a 
compound of formula 1 , and perfiuoro- lS-crown-5 ether. The present invention provides a 

25 further composition comprising, a compound of formula it , a compound of formula 2 1 , 
and perfiuoro- 15-crown-S ether. The present invention provides a further composition 
comprising a compound of formula II, a compound of formula 22, and perfiuoro- 15- 
erown-S ether. The present 'inv€»tion:^](t>'v$d^'a''^her'composit}on comprising a 
•compound of formula 12, a compound of fonnuia 23, and perfiuoro- IS-erowu-S ether. 

30 The present invention provides a ferther composition comprising a compound of formula 
'ilj a compound of formula 23, a compound of formula I, and perfiuoro- IS -crown-S ether. 
The present invention provides a further composition comprising a compound OF formula 
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13, a compound of formula 24,mdpm&mm-U~cmwn~$ ether. The present invention 
provides a .further composition comprising a compound of formula 13 $ a compound of 
formula 25, and |^fIwm-iS-erown-5 etfe The present invention provides a further 
composition comprising a compound of formula !0 f a compound of tsnrmb 26, and 
5 periluoro- ! 5-crown*5 ether. The present myeutkm provides a farther composition 

comprising a compound of formula 10, a compound of formula 26 f a compound of formula 
1, and perfluoro-l 5-crown-5 ether, .The present invention provides a further composition 
comprising a compound of formula If. a compound of "formula 27, and pertluorovl 5- 
crown-5 ether. The present invention provides a 'further composition comprising a 

10 compound of formula 1 1, a compound of formula 28, and perfluoro- i 5-crown-$ ether. 
The present invention provides a further composition comprising a compound of formula 
■\2 i: & compound of formula 29, and perfluoro- l5-erowo-5 ether. The present invention 
provides a further composition conmrising s compound of formula 12, a compound of 
formal a : 29 , a compound of fomiu la I , and perfluoro- 1 5-erown- 5 ether. The present 

1$ invention provides a further composition comprising a compound of formula 13, a 

compound of formula .30, and perfl uoro- 1 5-crown-S ether. The present invention provides 
a further composition comprising a compound of formula 1 3, a: compound of fomidla 31 , 
and perfluoro- l 3-crown*S ether. The present invention provides a further composition 
COTUpriSiog a compound of formula 10, a compound of formula 32, and per fl.udro» I 5* 

20 croSvn-5 ether. The present invention provides a further composition comprising a 
compound of formula 10, a compound offormoto;3% a compound of formula S, and 
peril«0ro-l 5-cK)«?n-5 ether. The present invention provides a further composition 
comprising a compound of formula 1 1 , a compound of formula 33, md perfluoro- IS- 
crown- 5 ether. The present invention provides a further composition comprising a 

25 compound of formula 1 1 , a compound of formula 34, and perfluoro-I 5-crown-5 ether. 
The present invention provides a further composition comprising a compound of formula 
12, a compound of formula 35, and perlluoro-15~crown-5 ether. The present invention 
provides a "further composition comprising a compound of formula 52, a compound of 
formula 35, a compound of formula I , and perfluom-f S-crown-5 ether. T he present 

30 invention provides a further composition comprising a compound of formula 13, a 

compound of formula 3d, and perrluow- IS-crowo-S ether The present invention provides 
a further composition comprising a compound of formula 13, a compound of formula 37, 
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and prflwo~l 3»aownrS ether. In certain embodiments of a ny of the foregoing, the 
composition comprises .80-95% v/v-df p^\^rd^i5-i^wa.- : 5':e!ji^ such as $0% , 81%, 
82%, 83%, 84%, 85%, M%, 87%, 88%,: 89%, 90%, 91%, 92%, 93%, 94% ? or 95% y/v of 
perflaofo~15~erowo-5 ether. 
5 The present inven tioo also provides formulations of the compounds or 

compositions of the present invention as described above that are suitable for uptake by 
cells. For example, 'the compounds or compositions of the present invention may be 
formulated as an emulsion, for example, the present invention provides an emulsion 
comprising a compound of any one of formulae I -37 or 40-41 . The present invention 

1 0 further provides an emulsion comprising a composition comprising a compound of 
istftdte 10 and a compound of formula t ; s -composition comprising a compound of 
formula 1 2 and a compound of formula 1; a composition comprising a compound of 
formula 14 and a compound of fbnnula I ; a composition comprising a compound of 
formula 16 and a compound of formula i; a composition comprising a compound of 

15: formula IB and a compound of formula I; a -composition comprising, a compound of 
formula 40 and a compound of formula 1; a composition comprising a compound of 
formula 10 and a compound of formula 17; & composition comprising a compound of 
formula 16, a compound ox formula 17,, and a compound of formula 1; a composition 
Comprising; a compound of formula. 1 8 and a. compound of formula. 1 a composition 

20 comprising a compound of formula 1 8„ a compound of formula 1 9, and a compound of 
formula I , a composition comprising a eompomwi or formula 40 and a compound of 
formula 41; a composition comprising a compound of formula 40, a compound of formula 
41 . and a compound of formula 1 ; a composition comprising a compound of formula 10 
and a compound of formula 20; a composition comprising a compound of formula 10, a 

25 compound of formula 20, and & compound of formula 1 ; a composition comprising a 
compound of formula 1 1 and a compound of formula 2 1 ; a composition comprising a 
compound of formula 1 1 and a conmoorm of formula 22; a composition comprising a 
compound of formula 1 2 and a compound of formula 23; a composition comprising a 
compound of formula 12., a compound of fbnnula 23. and a compound of fbnnula I ; a 

30 composi tion comprising a compound of formula 1 3 and a compound of formula 24; a 
composition comprising a compound of formula 13 and a compound of formula 2.5; a 
composition comprising a compound of formula 10 and a compound of formula 26; a 
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composition comprising a compfciMd-'of fdriituIa-'l'Q,; « iasmpound of formula 26, and a 
■compound, of formula 1; a composition comprising a compound of fonfiula ! 1 and 8 
compound of formula 27; a oen^^^0n;OQm^d^n^ is compound of formula 1 1 and a 
compound of 'formula 28; a composition conmrising a compound of formula ! 2 and a 
5 compound of formula. 29; a composs&n cosppnsing a compound of 'formula 12, a 
compound of formula 29, and a compound of formula i; a composition .comprising a 
compound of formula 13 m& a compound of formula 30; a composition comprising a 
compound of formula 13 and a compound of forinnla 31; a composition comprising a 
compound of formula 10 and a compound o'f formula 32; a composition comprising a 

1 0 compound of formula 1 0, a compound of Rutoula 3:2, m$. a compound of formula i * a 
composition comprising a compound of formula 1 1 and a compound of formula 33; a 
composition comprising a compound of formula 1 1 and a compound of formula 34: a 
composition comprising a compound of formula 12 and a compound of formula 35; & 
composition comprising a compound of formula 12, a compound of formula and a 

15 compound of formula 1 ; a composition comprising a compound of formula 13 and a 
compound of formula 36; or a composition comprising a conipound of formula 13 and a 
compound of formula 37, 

The present .invention further provides an emulsion comprising a composition 
compri sing a Compound of any one of formulae 1-9 and a compo und of ionnul a l a, sudh 

20 as a compound of formula 1 and a compound of formula la; a composition comprising a 
compound of formula 10 and a compound of formula la; a composition comprising a 
compound of formula 10, a compound of formula Lund a compound of formula la; a 
composition eoniprising a compound of formula 12 and a compound of formula la; a 
composition comprising a compound of formula 1 2, a compound of formula 1 . and a 

25 compound of formula 1 a; a composition comprising a compound of formula 1 4 and a 
compound of formula la; a composition comprising a compound of formula 14, a 
compound of formula 1 , and a compound of form tda la; a composition comprising a 
compound of formula 36 and a compound of formula In; a composition comprising a 
compound of formula 16,, a compound of formula 1, and a compound of formula la; a 

30 composition comprising a compound of formula 18 and a compound of formula 1 a; a 
composition comprising a compound of formula 18, a compound of formula 1. and a 
compound of formula la; a composition comprising a compoisnd of formula 40 and a 
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compound of formula la; a composition comprising a compound of formula 40, a 
compound ofibrmuk !, and a compound of formula l a; a composnion composing a 
compound of fbrrotda 16, a compound of formula 17, a compound of formula I, and a 
compound of formula 1 a;, a composHion -comprising ^qampomd of formula 18, a 
5 compound of formula 19, a oompoaod of fonrtuig 1, and a compound of formula la; a 
composition comprising a compound of formula 40, a -compound of formula 41, a 
compound of formula 1, and a compound of formula l a; a composition comprising a 
compound offomvak 10, a compound of formula 20, and a compound of .formula la; a 
composition comprising a compound of formula 10, a compound of formula 20, a 

10 compound of formula I , and a compound of formula: la; a composition comprising a 
compound of fonuula 1 1 s a compound of form uia 2 1 , and a compound of forma? a 1 a; a 
composition comprising a compound of formula 1 1, a compound of formula 22, and a 
Compound of fonuula l a; a composition comprising a: compound of formula 12 , a 
compound of formula 23, and a compound of .fonuula la; a composition comprising a 

IS compound of fonuula 12, a compound of formula 23, a compound of formula I, and a 
compound of formula la; a composition comprising a compound o f form ula 13 , a 
compound of formula 24, and a compound of formula la; a composition comprising a 
compound -of formula 13* a compound of formula 25 . and a compound of formula la; a 
composition comprising a compound of formula 10* a compound of formula 2b :4 and a 

20 compound of fonuula la; a composition comprising a compound of formula 10, a 

compound of formula 26, a compound of formula !, and a compound of formula la; a 
Composition comprising a compound of formula 1 1 . a compound of formula 27, and a 
compound of fonnu la 5 a; a composition comprising a compound of formula 11, a 
compound of formula IB, and a compound of formula la; a composition comprising a 

25 compound of formula 12, a compound of fomaola 29, and a compound of formula la; a 
composition comprising a compound of fbrmula 1 2, a compound of fonuula 29, a 
compound of formula 1 , and a compound of formula ia; a composition comprising a 
compound of formula 13, a compound of formula 30, and a compound of formula la; a 
composition comprising a compound of formula 13, a compound of formula SI, and a 

30 compound of formula 1 a, a composition comprising a compound of formula 1 0, a 

compound of formula 32, and a compound of formula la; a composition comprising a 
compound of formula 10, a compound of formula 32, a compound of formula I , and a 
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compound of formula 1 a; a oomposMsn comprising a eoimpound of formula I 1, a 
compound of foritmla 33, and s Compound of formula l a; a composition comprising a 
compound of formula 11, a compound of fonmtia 34, and a compound oi formula 1 a; a 
composition comprising a compound of fornrula 12, a compound of formula 15, and a 
5 compound of formula la; a com|3®§itio& coTOj^potg a. ^ijjpotfiki of formula 12, a 
compound of formoia 35, a compound of form dia l,/ and a compound of formula la; a 
composition comprising a compound of formula 13:, a compound of formula 36, and a 
compound of formula I a; or a composition comprising a compound of formula 1 3, a 
compound of formula 37, and a compound of formula la. in certain embodiments of any 

10 of foe foregoing, the composition comprises 80-95% v/v of a compound of formula la, 
such as 80% s 81%, 82%, 83%, S4%,:8S%/8S% j: 87%, 88%, 89%, 90%, 91%, 92%33%, 
94%, or 95% y/v of a compound of formula la. 

The present invention further provides an emulsion comprising a composition 
comprising a compound of any one of formulae 1 -9 and perfluoro- 1 S-crown-S ether, such 

1:5 as a compound of formula I and perfmo.ro- 1 5-crown-5 ether; a composition comprising & 
compound of formula, la and perfluoro- 15-erowo-S ether; a composition comprising a 
compound: of formula 10 and perfluoro- 1 5-cre>wn-$ ether; a composition comprising la 
compound of formula 10, a compound of formula 1 , and perfluoro- 1 S*crowt^S ether; a 
composition comprising a compound of formula 12 and perfluoro- 1 S~erown-S etheri a 

2& composiltliofocornprising a compound of formula 1% a compound of formula Is and 
perfluoro- iS-efo«m-S ether; a composition comprising a compound of formula 14 audi 
per:du0rO-i5>-em:«?n-5 ether; a ■■composition comprising a compound of formula 14, a 
contpound of formula L and pcrtluoro45--«rdwn--5 ether; a composition comprising a 
compound of formula 16 and perfluorO-l$«crown-S ether; a composition comprising a 

2:5 compound of formula 16, a compound of formula I, and perfluoro- 15-erown-S ether; a 
composition comprising a compound of formula 18 and peril uoro- 1 5-crown-S ether; a 
composition comprising a compound of formula IS, a compound of formula I , and 
periluoro- 1 S-crown-S ether; a composition comprising a compound of formula 40 and 
perfiuoro- 1 S-crown-5 ether; a e&mposidou comprising a compound of formula 40, a 

30 compound of formula I : , and perfluoro- 15-crown-S ether; a composition comprising a 
compound of formula 16, a compound of tbrmuia 17, a compound 'of formula I, and 
pcTfluoro- 13 -crown-5 ether: a composition cofopri sing a compound of formula 18, a 
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compound of formula X% a compound of fomhrla 1, ani perSuoro-l S-srowB-S ether; a 
composition comprising a compound of fomrnla 40, a compound of formula 4 I , a 
compound of formula 1, ai^^||«d^*J,^pW^5 composition comprising a 

compound of formula 10, a compound of formula 20, and pertluero- 1 5.-crowm5 ethe; a 
5 composition comprising a compound of formula 10, a compound of formula 2(1, a 
compound of formula ! , and per0uoix>i5~erowm5 other; a composition comprising a 
compound of formula \ 1, a compouod of formula 31, and perOuom-1 5-erpwn-5 other; a 
composition comprking.a compound of formula 1 3 : , a compound of formula 22, and 
periiooro- 1 S-crown-S ether; a composition comprising a compound of formula 1 2, a 

10 compound of formula 23, and perfluofO-15-0rown-5 ether; a composition comprising a 
congjound of formula 12, a compound of formula 23, a compound of formula L and 
pcffluoro-lS-crown-5 ether; a composition comprising a compound of formula 13, a 
compound of formula 24, and perfluoro-15-E3X>wP-5 ether; a composition comprising a 
compound of formula \ 3, & compound of formula 25, and perduoro4S~crown-S ether; a 

15 composition comprising a compound of formula I 0, a compound of formula 26. and 
perfluoro- I S-crown-S Other; a composition comprising a compound, of formula 1 0, a 
compound of fenrmla 26, a compound of formula 1 , and perfluoro-! S-crown-S ether; a 
composition comprising a compound of formula 1 1, a compound of formulas?* and 
perflnoro-15-crown-S ether; a composition comprising a compound of formula 1 1 * a 

10 compound of formula 28. and pertluoro-lS-crown-S ether; a composition comprising a 
compound of formula 12, a compound of fomiula^and pcrfluoro-1 5-crown~S ether; a 
composition comprising a compound of formula 1.2, a compound of formula 29, a 
compound of formula 1, and perOuoro- 35-cro:*n-5 ether; a composition comprising a 
compound of formula 13 s a compound of formula 3t) f and perf!uoro-l5-crown-5 clhe; a 

25 composition comprising a compound of foftrniia 1 3, a compound of formula 3 1 , and 
perfluoro-i 5-c.twa-5 ether; a compo$ition comprising a compound of formula 10, a 
compound of formula 32, and peril uoro~15-emwn-5 ether, a composition comprising a 
compound of formula 10. a compound of formula 32, a compound of formula I, and 
perlluoro- 1 5--crown-5 ether; a composition comprising a compound of formula 11, a 

30 compound of formula 33, and pcriluoro-1 5-crown-5 ether; a composition comprising a 
compound of formula 1 1 , a compound of formula 34, and perBuore- 1 S-ssrown-S ether; a 
composition comprising a compound of formula 12, a compound of formula 35, and 
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petfi«oro4 S^rowmo ether; g composMo» fiomprisisi a compouiid of formula 12, a 
compound of formula 35, a compound of formula I, and perfluoro~15~crowh-5 ether; .a 
composition comprising a compound of formula 13, a eompoimd of formula 36, and 
pert! uoro- 15 -crown- 5 eihc; ore compusitiorv i 6C5iijjJF5$?i5'^.a- : <s>fBpoand of formula 13- a 
5 compound of formula 37, and periteoro-13-cmwn-5 ether. In certain embodiments of any 
of the foregoing, the composition comprises 80-95% v/vof perfluoro45»crown~5 ether, 
such as 80% , m% 82%, 83%, 84%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 
94%, or 95% v/v of perfluoro- ! 3-crown~5 ether. 

In certain embodiments, the emulsion may further comprise a block copolymer of 

1 0 polyethylene and polypropylene glycol. In certain embodiments, the emulsion may further 
comprise a Fluroaic™. Nonionic Pluronic™ surfactants, polyethyleneoxide 
j(PEO)/polyprop>']eneoxide (PFO)/po1yethyIeneoxsde {PEC) block (ABA. type), 
{PEO^PPO/PEO) block copolymers, exhibit a wide range Of hydfophdicity/ bydroplohielty 
as a function of the PEO/FPO ratio, so that one can expect to obtain different phase 

15 separated morphologic with polymers such as PLA as well as different degrees of 
hydration of the matrix. In particular, hydration plays an important role in deictmining 
polymer degradation, via hydrolysis of the ester backbone. These: polymeric surfactants 
exhibited minimal toxicities in vivo and some of them are in clinical use, as described by 
BASF Corporation in their 1989 Teehnieal Bnlletini Atfwood, et a).. Int. J, Pharm, 26 s 25 

30 (1985); and U.S. Pat. No, 4, 1 88,373 to Kre&aneski, These materials can be obtained from 
BASF Corporation. In certain etuhodiments, emulsions of the present invention further 
comprise tri-block copolymer which comprises polyethyleneoxide and 
poiyp.ropyleneoxi.de. 

In certain embodimonts, emulsions of the present invention comprise a tn-b!ock 

25 copolymer of polyethylene oxide)~poiy(prppyIene oxlde)-poly(ethylcne oxide) (PEO- 
PPO-PEO) with an average molecular weight of 1900. In certain such embodiments, the 
tri-block copolymer comprises 50% PEO content with an average number of PEO units of 
about 22, such as 21.59, and an average number of PPO units of about 16, such as 16.38, 
In certain such embodiments, the hydrppbilk-hpophihc balance (MLB) -value of the tri- 

30 block copolymer is 19, wherein the HLB valuecsm be calculated from the following 
equation:: 
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m 

HLB ::: -36 ; : r 33 
In + m 

where n represents the aumber of repealunits in the FEOsegnjent of fee polymer md m 
represents the number of repress units in the PPO segmfotpf the polymer. 
Exemplary tri-bloek copolymers cat* be ;bbtaHi£& fem-B&SFCo^oratiGn and are- sold 
5 under the trade name of Pluronic™ L35. 

In certain, embodiments, emulsions of the present invention comprise a tri-block 
copolymer of poly (ethylene oxide>-p^ly{pr6p^eine:oxid«)-poi5<ethyi'«Be.ox5de) (F.EO- 
FPO-FBO) with an average molecular weight of 2900. In certain such embodiments, the 
tri -block copolymer comprises 40% PEG content with an average number of PBO units of 

1 0 about 2% such as 26,36, and an average number of FPO units of about 30, such as 30.00.. 
in certain such embodiment^ the hvOrophiUc-lipophilic balance (HLB) value of the tri- 
block copolyrper is 15. Exemplary iridsloek copolymers can be obtained bom BASF 
Corporation and are sold under the trade name of PI uremic™ L64, 

in Certaibembodouents, emulsions of the present invention comprise a tri-feioefe 

15 copolymer of polyethylene oxsde)-polyCpj'opylene oxlde)~p0ly(etbylene oxide) ''(FED- 
PPO-PEG) with an average molecular weighs of 8400, In certai n such embodiments, the 
tri-hlock copolymer comprises 80% FEO con tern with an average number of FE£> units of 
about 153, sueh as 152,73, md an average number ot PPO nnjts of about 2% such as 28, 97. 
In certain such embodiments, the hydrophiiie-lipophilic balance (HLB) value of the tri* 

20 block copolymer; is 23. Exemplary tri -block copolymers can fee obtained fom BASF 
'Corporation and are sold under the trade name of !%ironic' f ?l! F6B. 

In certain embodiments, emulsions of tfee present invention comprise a tri-biock 
"copolymer of poiy(ethy!eneoxkle>poly(propyleoe oxide)-poly(ethylene oxide) (PEO- 
PFO-FEO) with an average molecular weight of 0500. in certain such embodiments, the 

25. tri-block copolymer comprises 50% PEG content with an average number of FEO units of 
about 74, .such as 73,86, and an average number of PPO units of about 56, such as 56.03. 
In certain such embodiments,, the hydmphiiic^lipi>phllic balance (HLB) value of the' tri- 
block copolymer is 1 5. Exemplary tri-hloek cOpbiymer^ can be obtained from BASF 
Corporation and are sold under the trade name of Pluronic** 5 PI OS. 

30 in certain embodiments, the emulsion :may further comprise a lipid. In certain 

embodiments of emulsions of the present invention ' that .further comprise a lipid, the lipid 
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is DMPG, In certain embodiments of emulsions of the preset invention that further 
comprise s lipid, ihc emulsion further conmnsex a block copolymer. In certain 
embodiments, the block capo! ymer is a iri~bloefc copolymer which comprises 
polyethylene oxide) and po!y(propyIeoe uxide|. In certain such .embodiments the block 
5 copolymer is poly(ethyie«e oxide)-poly(propylene o>:=de} -poly(efhyiene oxide) (FEO- 
PPO-PBO) tri-h!oek copolymer with arrayerage moleeolaf weight of 1900, an average 
number of PEG units of about 22* such as 2} S% and an average number of PPO units of 
about 16, such as 1 6, 38. in certain embodiments, the emulsion of the present invention 
further comprises DMPC and a pofyfethytene oxide)~poIy(propy!ene oxide)-poiy(sihylene 

10 oxide) (PEO-PPO-PEO) tri-hlook oopoiymer with an average molecular weight of .1 900, 
m average number of PEG units of about 22* such as 21 ,S9, and m average number of 
PPO units of about 16, such as 16,38 (e.g., Pturooic™ L35). 

In certain embodiments* the emulsion may further comprise polyethykmins. 

In certain embodimenrs, the emulsion may further comprise protamine sulfate, in: 

15 certain embodiments of emulsions of She present invention that further comprise protamine 
sulfate, the emulsion further comprises a block copolymer, la certain embodiments, the 
block copolymer is a tri«b!oek copolymer which comprises poly(ethylene oxide} and 
polypropylene oxide). In certain such embodiments the block copolymer is polyCethyleoe 
oxide)-poiy(propylene oxide)-poly{ethylene oxide) (PEO-PPO-PEO) M-h!oek copolymer 

20 whh an average molecular weight of 1 900, an average oumber of PEG uuits of about 22, 
such as 21.59. and an average number of PPO units of about 16, such as 1 6.38 (e.g., 
Platonic' M L3S), In certain embodiments, the emulsion of the present invention fhtther 
comprises protamine sulfate md a poly{ethyle»e.oxidef polyfpropylene oxide}- 
polyfethylene oxide) (PEO-PPO-PEO} tri-block copolymer with an average molecular 

25 weight of 1 900, an average number of PEG units of about 22, such as 2 1 .59. and an 
average number of PPG units of about 16, such as 16.38 (e.g.., Pluronse™ L35), 

In certain embodiments, the emulsion may further comprise an emulsifier. In 
certain such embodiments, the emulsifier is also a non-ionic solubiiiser. in certain 
embodiments, the emulsifier comprises glycerol polyethylene glycol rieinoleate. in certain 

30 such embodiments, the emulsifier further comprises fatty acid esters of polyethylene 
glycol, free polyethylene glycols, and elhoxylated glycerol. 
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In certain embodiments, the emulsifler is prepared by reacting easier oil and ethylene 
oxide in a molar ratio of 1:35, Exemplary omuls? iters can be obtained from BASF 
Corporation and are sold under the hade name of GremophodS EE. 

In certain embodiments, ^e^v^tfeft/'S^^nptlatsi any 'combination of the 
5 foregoing. Those skilled in the art will recognize that all specific combinations of the 
individual possible components of the emulsions as disclosed herein, e.g.,. a compound of 
any one of formulae 1-37, 40-41, la, orperfeoro^5^erown~.§ ether, a block copolymer 
(e.g., a trifolock copolymer which comprises polyethylene oxide) mi polypropylene 
oxide), a lipid, an emolsifier comprising glycerol polyethylene glycol ricinoleste. 

10 polyethylamfoe, or protamine sulfate, are within the Scope of the invention. As an 

example, an emulsion may contain one or more compounded} of any one of formulae 1- 37, 
40-4 1 , 1 a, or perfiuoro-1 5~erown~S ether, a block copolymer (e.g., a tri -block copolymer 
which comprises polyfethyiene oxide) and polypropylene oxide), & lipid, and: 
pelyethyi amine and/of protamine sulfate. 

1 5 in certain embodiments, the emulsion comprises a componnd of formula 1 , a 

compound of formula 16, a compound of formula 17, a compound of formula %;a 
polytethytene^o^^ trh 
hloek copolymer mth an average molecular weight of 8400, an average number of PEO 
units of about 1,53; such as 1 52,73, and an average number of PPO uni ts of about 2% such 

20 m 38.97 (e.g., Pteronfo™ F68). and protamine sulfate; a compound of formula. 1 , a 
compound of formula 16, a compound of formula 17, a compound of formula la, a 
polyfedvylene oxlde)-poly(pmpylene oxWe)»poiy(ethyiene oxide) (FEO-PPO-PEO) tri~ 
bloek copolymer with an average molecular weight of 8400, an average number of PEG 
units of about 1 53, such as 152.73, and an average number ot" PPO units of about 7.9, such 

25 as 28,9? (e.g., 'Plutonic™ F68), and poiyeurylamine; a compound of formula 1 , a 

compound of formula I b, a compound of formula I % a compound of formula la, and a 
po!y(ethy!ene oxide)-poly(propylene oxlde)-poly(etfo/kme oxide) (PEO-PPO-PBO) tri- 
block copolymer with an average molecular weight of 8400, an average number of PEO 
units of about 1 53 , such as 1 52.73, and an average number of PPO units of about 29, such 

30 as 28.97 {e.g., Plutonic™ F68); a compound of formula I, a compound of formula id, a 
compound of formula 17, a polyfemylehe oxide)>p©!y(prdpylene oxidef-polyC ethylene 
oxide) (PEO-PPO-PE©) frhbiock eopolymer with an average molecular weight of 8400, 
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an average number of PEO units of about I S3, such ss 152.73, and m average number of 
PPO units of about 29, swell as Pluronlc TM ¥&$% and protamine sulfate; a 

compound of formula I, a eoinpoimd of formula 16, a compound of fdmiula 1 ?, a 
poly(ethylene oxsdeppolyCpropyieae ox}de)-poly(pmy!one oxide) fPEO-PPO-PBO) tri- 
5 block copolymer with an average molecular weight of 8409, an average number of PEO 
units of about 153. such as F52J3, and en average number of PPO units of about 29, such 
as 28,9? {e.g., Piuromc™ F68), and polyethyl&mme; a compound of .formula 1, a 
compound of formula lb, a compound of fomnjla !?, aa4 a poly(emy!ene oxide}- 
poly(propylene ox ule)-poly{ethyiene oxide) (PEO-PPO-PEO) tri-block copolymer with an 

10 average molecular weight of 8400, aa average -number of PEO units of about 1 53, such as 
152,73, and an average number of PPO units of about 29, such as 28.97 {e.g., Fluronlc-™ 
F68); a compound of formula L a compound of formula 18, a compo und of formula 19, a 
compound of formula la, a polyethylene oxide)-pol¥(propy!ene oxide)-poiy{etf*y.im«i : . 
Oxide) PEO-PPO-PEO) ttvbloek copolymer with an average molecular weight of $400, 

I S an average number of PEO units of about i 53, such as 1 52.73, and an average number of 
FPO units of about 29, such as 28.9? (e,g, s Plurontc™ P68), and protamine sllfaie; a 
compound of formula I, a compound of formula 18, a compound of formula 19, a 
odnipdund of formula i% a polyfethyteae oxide}-poly{propyiene oxide}~poiy(ethylene 
oxide) (PEO-PPO-PEO) tri-block copolymer with m average molecular weight of 8400, 

20 arj average number of PEO units of about IP, such as I 51.73, and an average number of 
PFO units of about 29; such as 28.9? Plnronle^ F68.K and polyethykmune; a 
compound of formula I, a compound of formula 18, a compound of formula 19, a 
compound of formula la, and a po.ly{ethyte«e oxide}-poly(propylene oxideVpolyCethylene 
oxide) (PEO-PPO-PEO) tri-block copolymer with an average molecular weight of 8400, 

25 an average number of PEO units of about 153, such as 152-73, and an average number of 
PPO units of about 29, such as 28.9? (e.g, s Plurpmc™ Fb-8); a compound of formula L § 
compound of formula 18, a compound of formula 19, a p<dy(e!hyiene oxide)- 
polyCpropyiene oxide)-poiy(ethylene oxide) (PEO-PPO-PEO) tri-block copolymer with an 
average molecular weight of 8400, an average number of PEO units of about 1 53, such as 

30 1 52,73, and an average number of PPO units of about 29, such as 28,97 (e.g., Plurooic™ 
F68}, and protamine sulfate; a compound -.of 'formula 1, a compound of formula 18, a 
compound of formula 19, a poiy{ethylenem^ 
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oxide) (FEO-PPO-FEO) iri -block eopol^Ber with an average molecular weight of S400, 
an average number of FEO unsisof about 153* such m 152,73, and an "average number of 
PPO units of about 29, such as 28.97 (e.g., Pluroni:e TS * FbS), and polyeihy! amine; a 
compound of formula 1, a compound of -formula 18, a compound of formula 19, and a 
5 polyethylene oxide)-poly(propyi!S%0^^>f!^1y(#fyl^te oxide) (PEO-FPO-FEO) in- 
•block copolymer with an av erage molecular wei ght of MOO, an average number of PEO 
units of about 1 53, such as 1 53.73, and an .average number of PPO units of about 29, such 
as 28.9? {e.g., Plutonic™ Fd'8); a compound of formula 1, a compound of formula 40, a 
compound of formula 41, a compound of formula la, a poly(ethylene oxide)- 

1 0 polypropylene ox sdeEpoiyfodrytene oxide) (PE0--PPO-PEO} tti-bloek copolymer with an 
average molecular weight of 8400, an average number of PEO units of about 1 5.3, such as 
152.73, and an average number of PPO units of about 29, such as 28.97 (e.g., Pluronlc™ 
F68), and protamine sulfate; a compound of formula J, a compound of formula 40, a 
compound of formula 41, a compound of formula' la, a poiy(ethyiene oxide)- 

I S pely(prbpylene dxide)~poiy(ethylene oxide) (PEO-PPO-PEO) tri-block copolymer with an 
average molecular weight of 8400, m average number of F EO un i is of about 1 S3* such as 
152,73, and an -average number of PPO units of about 29, such as 28,97 {e.g., Plutonic™ 

and polyetbyiantiue; a compound of formula 1, a compound of formul a: 40, a 
compound of formu la 41, a compound of formula 1 a, and a polyt ethyl ene oxide)- 

20 polypropylene pxldeEpolyCedryleoe oxide) (PEO-PPO-PEO) tri-block copolymer with an 
avera : ge molecular Weight of $400* an: average number of PEO units of about 153:, such as 
1S2.73, and an average number of PPO units of about 29, such as 28.97 Ce,g. } Pluronic™ 
F68); a compound of formula I , a. -compound of formula 40, a compound of formula 41 , a 
poly(eihylene oxide)-poly(propylene oxide) -polyethylene oxide) (FEO-PPO-FEO) iri~ 

25 block copolymer with, an average molecular weight of 8400, an average number of PEO 
units of about I S3, such as 1 S2.73 s and an average number of PPO units of about 29, such 
as 28.97 (e.g., Pluromc™ F6S), and protamme sulfate; a compound of formula E, a 
compound of formula 40, a compound of formula 41, a poiytetbySeneoxide)- 
poiy(pmpylene oxide)-poly(ethyiene oxide) {PE0~PPO»PE0) tri-block- copolymer with an 

30 average molecular weight of 8400, an average number of PEO units of about 1 S3, such m 
1 52. 73, and an average number of PPO units of about 29, such as 28.9? (e.g., Plutonic™ 
FbS), and polyethylamine; a compound of E>rrnula I, a compound of formula 40, a 
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compound of formula 41, and a polyCethyiene ©xidej^paly^pmpyleae oxidie)-po!y( ethylene 
oxide) (PEO-FFO-FEO) tri-blofek CQpoiymef witn aiv gverage moleesilar weight of 8400, 
an average number of PEO units of about 153, such as 152,73,, and an average number of 
PPO units of about 2$, such as 28#3(<s«&> .WMonic^ F68.)j compound of formula 1, a 
5 compound of formula la, a pe4y{ ethylene oxlde)~pdl>tpropyhme oside}i>of ^ethylene 
oxide) (PEO-PPO-PEO) ui-bloek copolymer with an average molecular weight of 8400, 
m average number of PBQ units of about IS3,-.sbcH a$ 1 52 .73, and an a verage number of 
PPO units of about 29, such as 28.97 (e.g,, Ptaronie™ F68), and protamine sulfate; a 
compound of formula .!, a compound of formula l a, a polyethylene oxide)- 

1 0 po'lyCpropylcne oxidei-polyCethytene oxide) (FEO- PFO-PEO} tri-hloek copolymer with M 
average molecular weight of 8400> an average number of PEO units of about 1 53, such as 
112,73, and an average number of PPO units of about 29, such as 28.97 (e.g., Bxmtotefi* 
F68), and polyelhylamme; a compound of formula 1, a compound of formula Sa S: snd a 
|?oiy{etbyIene oxidc)-poiy(propylene ox^de)i>oly(ethylene oxide) (PEO~PPO~PEO) tri- 

15 block copolymer with an average molecular weight of 8400, an average number of PIO 
units of about 153;, /such as 152.73, and an average number of PFO units oF about 29,: soch. 
as 28,97 (eg., : Plutonic F68); a compound of formula la, a polyfethyleneioxide}- 
polyCpmpylene oxide)~poiy{ ethylene oxide) (FEO-PFO-PEO) trhbloek copolymer with an 
average pfoieeular weight of 8400, an average number of F ED units of about 153, such: as 

20 152,73. and an average number of PFO units of about 29. such as 28-97 (e.g., Plumule"^ 
FSB), and protamine sulfate; a compound of formula la, a poly{ethyleneoxide)- 
po iyf pro pyl cue oxide)-poly(ethylsne oxide) (FEO-FPO-PEO) tri-block copolymer with an 
average molecular weight of 8400, an average number of PEG units of about 1 53, such as 
152,73, and an average number of PPO units of about 29, such as 28.97 (e.g., Phuonic'^ 

25 P68), and polyethylamme; a compound of formula la and a polyethylene oxide)- 

polyipropyiene oxide)-poiy(ethyiene oxidp) (PEO-PFO-FEO) tri-block copolymer with an 
average molecular weight of 8400, an average number of FBO units of about 1 53, such as 
I 52.73, ami an average number of PFO units of about 29, such us 28.9? (e.g., Fluronie™ 
P68); a compound of formula I, a compound of formula 16, a compound of formula 1 7, 

30 perOuoro- 1 5-erowfo5 ether, a polyfotbyfohe oxide)'poly(propylene oxide) •poiyCethylene 
oxide) (FEO-FPO-PEO) tri -block copolymer with an average molecular weight of 8400, 
an average num ber of P EO Units of about 153, such aslS2;73 : , and an average number of 
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PPO units of about 29;, such as 20 .37 (e.g.? Pieranie^ ¥&$% and protamine sul&te; a 
compound! of formula 1, acompound of formula 16, a compoun4 of formula 17, perfiuoro- 
l.5-erown-5 ether, a polyO-thyieue oxide^polyCpropylene oxideVpolyCethylene oxide) 
(PEO-PPO--PEO) tri-block cor&jilymer with an average molecular weight of 8400, m 
5 average. number of FEO units of about 153, such as 152,73, and an average number of PPO 
units of about 29, mch as 28,97 £e.g. 5 Flurauie^ F6Sj 5 and polyethyl amine; a compound 
of formula 1, a compound of formula 16, a compound of formes 17, pertluoro-15-cmwn- 
S ether, and a polyethylene oxide)~poiy{propylene oxsdeVpolyCefhylene oxide) (PEG- 
PPO-PBO) tri-block copolymer with an average molecular weight of 840(1 an average 

10 number of PEO units of about 153, such as ! 52.73:, and m average number of PPO units of 
about 29, such as 28.9? (e.g., Plunmic™ Fd8); a compound of formula 1, a compound of 
fonnuia .1 8, a compound of formula 19, perf]uoro45~erown-S ether, a polyethylene 
oxide)-po]y{propyieoe oxide>mo!y(ethyleue oxide) (PEO-PPO-PB0) tri-block . copolymer 
with an average molecular weight of 8400, an average number of PEO unhs of about 153 , 

15 such as 1 52,73, and an average number of PPO units of about 29, sueb as 28:97 (e.g., 

Pluronio^ F6|), and protamine sulfate; a compound of formula I, a compound of formula 
18, a eompound -of Formula 1 9, peril noro-1 S-crown-S eiher, a polyethylene oxide}- 
poiyCpmpylene pxide)~poly{ethylene oxide) (PEO-PPO-PEO) trbblocfc copolymer with an 
average molecular weight of 8400, an average number of PEO units of about 1 S3, such as 

20 1 52,73, and an average number of PPO units of about 29, such as 28.97 (e.g., Fluronie m 
FeS), and poiyethyfaminc; a compound of formula La compound of formula 18, a 
compound of formula 19, perfluoro-fS-erown-S ether, and a pofyfelhylcne oxide)- 
polyCpropylene oxide)-poly{ethyjene oxide) (PEO-PPO-PEO) tri-block copolymer with, an 
average molecular weight of $4i|il an average number of PEO units of about 1 53. such as 

25 152,73, and m average number of PPO units of about 29, such as 28.97 (eg., Flurontc™ 
E68); a compound of formula 1 , a compound of formula 40, a compound of fonnuia 4.1, 
purfluoro-l S-erown-5 ether, a poly(ethylene oxideEpolyCpropylene oxide)-polyf ethylene 
•oxide) { PEO-PPO-PEO) tri~bioek copolymer with an average molecular weight of 8400, 
an average number of PEO units of about 153, such as 152.73, and an average number of 

30 PPO units of about 29, such as 28.97 {e.g.., Plumoie^ PSS), and protamine sulfate; a 

compound of formula 1, a compound of formula 40, a compound of formula 41, perfluoro- 
1 5-erown-S ether, a poly(ethyle0e oxide^poiyCp^^ 
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(FEO-PPO-PEO) trl-M^fc m^pm with. m--&^$fr-m$^l&-W&$fcl of 8400, an 
average number of PE0 units of about !53j suds as 152,73 , and m average number of PPG 
units of about 29, such 3$ 28.97 C&gv, Piuronie'w P6S), awl p<>iyethylamme; a compound 
of 'formula 1, a compound of formula 40. a comrKinnd of fomtula4i, perOwm)- 1 5-crown- 
5 5 ether; and a poly{ ethylene oxidel-polj^pmpyleoe oxi:de)~poly(et!vyls5ie oxide) (PEO- 
PPO-PEO) tri --block copolymer with an average molecular weight of 8400, an average 
number of PEG units of about I $3.„. such as 1 52.73. and an average nmnher of PPO units of 
about 29, such as. 28.97 (e.g., Flurooic™ P68); a compound of formula } , pcrfluorp-lS- 
crown-5 ether, a poly(ethylene oxide)-poiy{pmpylene oxide)-poly(eihyleoe oxide) (PEO- 

10 PPO-PEO) Sri-block copolymer with an average molecular weight of 8400, an average 

number of PEO units of about I S3, such as I §2<73 y mi an average number of PP0 units of 
about 29, such as 28.9? (e.g., Phutmlc™ Pb8), and protamine sulfate; a compound of 
forniula I , perffooro- 1 S-erown-S ether, a polys. ethylene oxkie)-p<4y(propylene oxide}^ 
poly(ethylene oxide) (PEO-PPO-PEO) tri-hioek copolymer with m average molecular 

I S weight of 8400, an average number of PEO units of about 153, such as 152.73, add an 
average number of PPO units of about 29, such as 28.97 (eg., Plnronie^ F6'8) s : and 
poiyetiiyl amine:; a compound of temula I, perlluoro-l 5-crown-5 ether, and s 
boly(ethyIene oxide)~poly(propyleoe oxide)-po!yt ethylene oxide) (PEO-PPO-PEO) tri- 
hlock copolymer with an average molecular weight of 8400, an average number o f PEO 

20 units of about 1 53, such as 1 52,73, and an average number of PPO units of about 29, such 
as 28.97 (e.g., Pluronm™ a compound of .formula la, perfl«oro«l 5-erown-5 ether, a 
pojy(ethyiene oxide)"poSy(propy!eneox!de}>poly(etbyiene oxide) (PEO-PPO-PEO) tri- 
biocfc copolymer with an average molecular weight of 8400, an average number of PEO 
units of about 153, such as |5^T?W.'^' 3®. average m«pber of PPO uni ts of about 29, such 

25 as 28.9? (e.g... Plutonic™ F68). and protamine sulfate; a compound of formula la, 

pef0uoro~1 5-crown-S ether, a poly(ethyleae oxide)-polytprepylene oxide)-poly(ethylene 
oxide) (PEO-PPO-PEO) cri-block copolymer with an average molecular weight of 8400, 
an average number of PEO units of about 153, such as 1 52.73. and an average number of 
PPO units of about 29, such as 28.9? {e.g., Pforonic™ F68}., and pelyethylannne; a 

30 compound of formula la, perfiuoro-fS-crown-S other, and apolyfemylene oxide)- 

polyCprOpylene oxicle)-poly(ctbylene:Oxi£le) (PEO-PPO-PEO) tri-block copolymer with an 
average molecular weight of 8400, ad average number of PEO units of about 133, such as 
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1.52.73, and an average number of PP0 nods of about 29, such m 28.97 (e.g. 5 Pluronie™ 
F68); perrluoro-I5-crown-S ether, a polyfethylene ^ide)-poljf(pmpyiene oxide)- 
polyethylene oxide) (PEO-PPO-PEQ) tri-block copolymer with so average molecular 
weight of 8400, an average number of PEO units of about 153, such as 1.52,73, md m 
5 average number of PPO units of about 2% such as 28,97{e.g., Humnic™ F68), and 
protamine sulfate; peril uoro-l S-erowr^S ether, a poly( ethylene oxide}-p:Q!y{propy1ene 
oxt<le)-po!y(ethyieoe oxide) (PEOd^PO-PEO) trbblock copolymer with an average 
molecular weight of 8400, an average number of PE0 units of about I S3, such as f 52,73, 
and an average number o f PPO tmits of about 2% such m 23.97 (e.g.. Piuroosc™ F68), and 

.10 polyethyf amine; pertluo.ro~15~erowo~5 ether and a polyethylene oxide)-poSy(propylene 
oxlde)-poly(ethylene oxide) (PEO-PPO-PEO) tri-block copolymer with an average 
molecular weight of §400, an average number of PEO units of about 153, such as 152.73,. 
and an average number of PPO units of about 29, such as 28,9?(e;§-» PhfronIc tM EdS); a 
compound of 'formula- la, a po!y(ethy!ene oxye)-poSy(propyle»e oxide) moiyt ethylene 

I S oxide) (PEO-PPO-PEO) tri-block copolymer with an average molecular weight of 6500, 
an average number of PEO units of about 74, such as 73.86, and an average number of 
PPO duds of about 36, such as Sb,03 (e.g., Pluromc* M F.I 05), and an emulstfier, wherein 
ibe emul^ifier is a non-ionic solobniser comprising glycerol polyethylene glycol 
ncin0ieatefCvg.jCrern.opho!'® EE): a compound of formula la, a compound of fortmda 1, 

20 a pbl yfelbylene ox i de) »po I yCpropylene oxide VpoSy(eth yiene oxide) (PEO- PPO* PEO) tri - 
block copolymer with an average molecular weight of 0500, an average n umber of PEO 
units of about 74, sueb as 73 > 86, and an average number of PPO units of about 56. such as 
56.03 (&g^ Pkironie™ PI 05), and an emulsifkr, wherein the ernnlsifier is a non-dome 
soiebiliser comprising glycerol polyethylene glycol ncinoleate (eg., Cremopbor® EE); a 

25 compound of formula 1 a, per!1ooh3-flS~cfow»~5 ether, a polyf ethylene oxide)- 

poly(ptopyiene oxide}-poly(etlsylene oxide) (PEO-PPO-PEO) tri-block copolymer with an 
average molecular weight of 6S00, an average number of PEO units -of about 74, such as 
73.86, and an average number of PPO units of about 56, such as 5CQ3 (eg., Plnronic' m 
P I OS), and an emulsiber, wherein the emulsifier is a non-ionic soiobiiiser comprising 

30 glycerol polyethylene glycol rictnoleate :(e,g. ? ;:Cre;mopbor® EL); a compound of formula 
! a, a .compound -Of formula-! , perfiuoro-lS-erown-S ether, a poly(ethyicne oxide)- 
poly(propyleneoxide)-poly(ethylene oxide) (PEO-PPO-PEO) tri-hloek copolymer with an 
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average molecular werght of 6500, an average number of PEO units of about 74, such as 
73;SS, and an average number of PPO sails of .about SS, such -as 56.01 (e.g., Plummet 
•PI 05), a;n<3 an emuisifier. wherein the emulsifter is a non-lonie soinhillser comprising 
glycerol 'polyethylene gly^'' : ^»^^te{e.g; 5 :'0pep^phm# EL); per ftuoro-l S-crown~5 
5 ether, a polyfethylene oxide)~pply(propylep8 oxide)-poly{ethyler:ie oxide) (PEO-PPO- 
PEO) tri-biock copolymer with m average molecular weigMef 6500. an average number 
of PEG units of about 74, such as 71.S6, and an average number of PPO units of about 56. 
such as 56.03 (e.g., Pluronio'^ PISS), and m eniulsiher, wherein the emulsifler is a ■non- 
ionic solubiliser comprising glycerol polyethylene glycol rlemoJeate (e.g., Gremophor® 

10 EL); a compound of formula I , a compound of formula .16, a compound of formula 1 7, : 
peril uor>~L5 -crown- 5 ether, a poiy( ethylene oxide)-poly{propylene oxide)-poly(ethyfooe 
oxide) (PEO-PPO-PEO) tri-bioek copolymer with an average molecular weight of 6500, 
an average number oft*!© units of about 74, such as 73,86, arid ah average number of 
PPO units of shod 56, such as 56.03 (e.g., PSuronlc F!vJ P105), and an enmlsiEer, wherein 

15 the entulsiiiler is a non-ionic solubiliser comprising glycerol polyethylene glycol 

ncinofeatefe;g.,:Cremopbor® EL); a. compound of formula f, a compound of formula IS, 
a compound of formula 19, pertluoro-i S-crown-5 ether, a pol y( ethylene oxide)- 
polyfpropyiene oxide)-poly(cthylene oxide) (PEO-PPO-PEO} tri -block Copolymer with an 
average molecular weight of 6500, an average number of PEO units of about 74, such as 

20 73J6, and an average number of PPO units of about 56, such as 56.03 (e.g., Plutonic*** 
PI65), and an emulsifier, wherein the eomisifier is a non-ionic solubihser comprising 
glycerol 'polyethylene giy^i:4elB^1^ieie.g,».-iPr«»?ophof€> EL); a compound of formula 1, 
a compound of formula 40,-:« compound ■0f-.ft>'fmttla'4l 1 :perfluoro~ 1 5~crown-5 ether, a 
poly{ ethylene oxide)-poly(propylene oxide) -poly(ethylene oxide) (PEO-PPO-PEO) irs- 

25 block copolymer with an average molecular weight of 6500, an average number of PEO 
units of about 74, such as 73 J6, and an average number of PPO units of about 56, such ss 
56,03 (e.g.,. Plutonic*** Pi 05), and an emuislier, wherein the emuisifier is a non-ionic 
solubilisereoinprisirigglycerofpolyetbyicne glycol ricloofeaie (e.g., Cremophor® EL); a 
compound of formula 1, a compound of formula 16, a compound of formula S 7, a 

30 compound of formula la, a poly{etbylene ox!de)-p6ly(pnapylene oxlde)-po!y(etbyiene 
oxide) (PEO-PPO-PEO) trLbleck copolymer with an average molecular weight of 6500, 
an average number of PEO units of about 74, such as 73.86, and an average number of 
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PFO- units of about 56, such as S6M (eg., Plutonic™ P105), and m ■ emulsify wherein 
the emylstfler its a noa-ioittc soluhihser comprising glycerol polyethylene glycol 
rminoleate (e.g., CremophoP® EL); a compound of fonuuia I, -a compound of formula IS, 
a compound of formula 19 :! a compound of formula la, a polyethylene oxide)- 
5. polyfpropylene oxide)~poly(e!hyieno oxide) {FEO-PPD-PEO) tri-block copolymer with an 
average molecular weigh! of 6SS0, an average namber of FED units of about 74. such as 
73 ,86, and an average number of FPO units of about Mi, such as 56.03 (e.g.. Pkuo:oie™ 
PI 05), and m emulsifier, wherein the emulsifier is a pomiopie solubiiiser comprising 
glycerol polyethylene glycol ricinoleste (e,g,, Cremoplmr® EI.); or a compound of 

10 formula 1 s a compound of formula 40, a compound of formula 41, a compound of formula 
la, a polyethylene oxide)--poly(propylene oxide)- po!y(ethylene oxide) (PEO-PPO--PE0) 
tri-b!oek copolymer with an average -molecular weight of 6500, an average number of PEO 
units of about 74, such as 73.86, and an average number of PPO units of about 56* such as 
5403 (e.g., Pluronic™ PT0S), and an emulsifier, wherein the emulsifier" is a non-iome 

15 sdlnhihser comprising glycerol polyethylene glycol ncinoleate {e.g.yCremopboh§) EE). 

M cestairr embodiments, the emulsion comprises a compound of formula 42* a 
pdlyCethytene oxide)-po3y(prupyiene oxkieEpofyC ethylene oxide) (POO-f PO-PEO) tii- 
block copolymer with an average molecular weight of 6500, an avenge number of PEO 
units of about 14, such as ?3.&6* and an average number of PPO rums of about 56, such as 

26 56-03 (e.g., Plutonic'^ Pl05)> and an emulsifier, wherein the emulsifier is a non-ionic 
yolublliser comprising giycetxiipOlyethyiene glycol ncinoleate (e.g., Cremophoblh EE). 

Emulsions of the present invention will preferably have a distribution of particle 
sizes that allow adequate cellular uptake. In certain embodiments, a uniform particle spg 
may be advantageous. The desired degree of uniformity of particle size may vary 

25 depending upon the application. In certain embodiments, the emulsion has a mean particle 
size less than 500 nm, or less than 400 onp or less than 300 m% or less than 200 ,nn> in 
diameter. Optionally,. 2$%> or 50%, or 75% or more of the particles will fall within the 
selected range. Particle sizes may be evaluated; by, for example, light scattering techniques 
or by visualizing the emulsion particles: using EM micrographs. In certain ceil types that 

30 have a relatively small amount of cytoplasm, such almost stem cells, the emulsions have a 
mean particle size of less than 200 rim, or less than 3 00 hrii, or less than 50 run in diameter. 
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Emulsions for use m cells should preferably fee stable at a wide range of 
temperatures. In certain embodiments, emulsions will be stable at body temperature (37 
°C for humans) and at a storage temperature, such as 4 °C or room temperature (20-25 X). 
For- example, it will often be desirable to store the emulsion at a cool temperature, in the 
5 range of 2 ~ 10 °C, such as 4 «ndt&s^-vsf8TO the emulsion to room temperature (e,g. s IS 
to 28 and more typically 20 to 25 "C). Ate labeling of cells, the emulsion will 
experience a temperature of about 37 "C. Accordingly, a preferred emulsion Will retain the 
desired range of particle sizes at temperatures ranging from refrigeration temperatures up 
to body temperature, In certain embodiments, the emulsion is stable at temperatures 
10 ranging from 4 °C to 37 *C. 

M certain embodiments, the emulsion has a polydbpetstty index ranging from 0.1 

to 0,2. 

The present invention provides a method lor preparing an emulsion of a PFPE 
derivative with a block copolymer using low energy methods, m certain embodiniems, the 
15 block copolymer is a tri-Mocfc copolymer which comprises poiyiethyiene oxide) and 
pely(propyiene oxide). 

The present invention further provides a method for preparing an emulsion 
comprising low energy methods. In certain such embodiments, the low energy method 
comprises a thin film method. 
20 in certain embodiments of emulsions of the present invention, me emulsion further 

comprises PFPE~oxide> la- 

The present invention also provides a method for preparing a composition 
comprisi ng a compound -of formula 1 and a compound o I form uj a 38: 

,A S lo< ,Al A x -x N Jo. Jtl „X, 



y * FF J« ° 0)a«d Pf l ff h (38), 
25 wherein 

% independeiidy for each oeeuraenee, represents an integer from 4 to 16; and 
one or both of X and Y is an amide other than diethyl amide, 
comprising: 
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1) reacting perfluaropolwther methyl ester (30), ^ ^ J « 

(39), having two methyl ester end groups with a primary or secondary aliphatic amine 
other than diethyl amine; 

2) reacting unmodified methyl ester end groups with excess diethyl amine; ami 
5 3} removing unreached diethyl amine; and 

4) optionally- removing non-volatile amines by solid phase extraction and filtration 
using finorous phase silica gel (FluoroPlash, Flnorous me.) 

In certain embodiments, more than 80% r or more than 85%, or more than 90%,. or 
more than 91 %, or more than 92% s or more dtsn S%^ or more than 94%, or more than 
10 95% of the methyl ester end groups are converted to amides* 

hi certain embodiments, excess diethyl amine is removed w vacm. 

In certain embodiments, excess non volatile amine is eioted with 'iluorophohie 
solvent after loading the sample onto finorous silica gel column FluotoFlash (Fmetous 
Inc.). 

15: In certain; embodiments, less than one equivalent of the amine r^hcr thatr diethyi 

amine is reacted with peril aoropolyether methyl ester 39 (eg..* less than I00:mol%0f 
amine other than diethyl amine as compared to perflooropolyether methyl ester 39 is 
reacted), hi certain embodiments, less than 90 moi% s or less than 80 mol%, or less than ?0 
mol % s of less than 60 mol%,:or iess than 50 mol%. or less than 40 md!% s or less than 30 

20 mol %, or less than 20 mol% s or less than 10 mol % of amine other than diethyl amine is 
reacted w ith peril aoropolyether methyl ester 39> in certain such embodiments, the 
teach on bet ween the amine other than diethyl amine and perfiooropolyether methyl ester 
39 is allowed to proceed to completion. In certain embodiments wherein any amine other 
than diethyl amine remains unreacted, theunreacted amine other than diethyl amine is 

25 removed by selective extraction with an organic solvent such as ethanoi or THF. in certain 
embodiments the unreacted amine other then dtethylamsne Is elated from a fluorous phase 
column by Ouorophohic solvent . 

in certain embodiments, compositions prepared using the method described above 
are- as defined above for the composition comprising a compound of formula .1 0 and a 

30 eo.mpou.nd of femula i - the composition comprising a compound of formula 1 2 and a 
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compound of formula 1; the wm^sMoa-^mpifem|; : a:oOrnpoiind of formula 14 and a 
compound of formula 1; ifce vtmposMcm comprising -a,-com-pou«d offonftuls 16 and a 
compound of formula 1; or the composition comprising a compound of formula I B and a 
compound of formula 1; or the composition comprising a compound of formula 40 and a 
5 compound of 'formula 1. 

Detection .mo.tut.ies suitable for PET imaging may also he used to create dual mode 
imaging reagents that arc detectable by nuclear magnetic resonance techniques- and. by PET 
techniques. For example, the i!> F isotope is a potent label for FET detection methods. A 
fluoroesrhon imaging reagent may comprise a mixture of l8 F and >9 V isotopes, thus 

10 providing a dual mode label that is suitable for MRi/MRS and PET. iS F and ■% may aliso 
be added in separate monomers to form a mixed copolymer, or iS F portions may be located 
at either end of a linear poiyether, at the position where most other functional moieties 
would be added. f *F has no NM.R signal and so may be added at positions that would, for 
esathple, tend to decrease NMR Hnewtdth, simplify/ the NMR spectrum, or alleviate 

IS chemical shifts from resonances that adversely affect the read-out obtained by a nuclear 
magnetic resonance technique. In addition, molecules of the luorocarbon imaging 
reagents can incorporate other radioisotopes that are effective PET probes., such as "C,. 
n O, and R Those skilled in the art ean^ in view of this specification, devbe many other 
PET "detectable moieties that can be incorporated into or, for example, attached to an 

20 endgro«p(s|, of the Imaging reagents of this disclosure. 

The properties of an emulsion maybe controlled primarily by the properties of the 
imaging reagent itself the nature: of surfactants and/or solvents used, and the type of 
processing device (e.g. s sonicator, Microflnldi;^ homogenfeer, etc.). Methods for 
forming emulsions with certain. PFPE molecules are expensively described in U.S. Pat, 

25 Nos. 5,330,6.81 and 4,990,283:, herein incorporated by reference in their entirety. A 

continuous phase of a polyhydfoxyiatsd .comptm'a& .sash as pplyajcohols and saccharides 
in conceutraied aqueous solution may be effective; The following pQiyalcohois and 
saccharides have .proved to be particularly effective: glycerol, sylitol, maooitoh sorbitol, 
glucose, fructose, saccharose, maltifol, dimer compounds ;of glycerol (di-glyceroi or 

30 bis(2d5-di~hydroxypropyl) ether, solkt water soluble polyhydroxylaled compounds as 

sugars and glycerol condensation products as triglyceroi gnd tetragiyceroL The dispersion 
in emulsion may be performed in the presence of Coaventionai surfactants, including 
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eationic. anionic, -amphoteric md non-ionic surmetauts. Examples of suitable surfactants 
include Sodium laoryl sirfphat^ sufphosueeinste^^f^ herniester), coco- 

-sm.phe^rfcoxyglyemate ? .potassiUjin t&et$.$ii49#g^ s^i^ ^^-jpolyoxyethylene-ctiier 
carboxylase, potassium beslzalcopinm chloride, alfeyl anmfopropyl hetaipe, cetyl-stearilie 
S ethoxylated alcohol, sod sorbitso-efensy1at^2Q}-mono~elcate Tweeu 20. While 

thermodynamic equations may be used to ■■attempt to predict mixtures of imaging reagents 
that will give emulsions having the desired particle sizes .and stability, it is generally 
accepted that actual testing of various nuxnrres will he most effecti ve. The esnnlsifk-atioR 
o f mixtures is simple arid quick, permitting rapid testing of a wide range of combinations 
1 0 to identify those thai give rise to emulsions thai are suitable for use in the methods 
disclosed herein. 

Preferably m emulsion is designed to facilitate uptake of the imaging reagent by 
the subject cells. A surfactant may be designed to fern stable emulsions that carry a large 
quantity of PFPE (e.g,, FPPE amide, as in compounds or compositions of the present 

I S invention) Into the .aqueous phase. Additionally, .It may have properties that increase: the 
Intracellular delivery of the emulsion particles in the shortest possible incubation time. 
Increasing the .PFPE fe#> PFPE amide, as in com pounds or eoniposltioos of the present 
Invention) ibtraeelinlat loading improves sensitivity to she labeled dells* Furtherinoye, 
rmimmi&ing the culture time can be important when working wish She primary cells 

2.0: cultures. The efficiency of intracellular uptake depends on cell type. For ©sample 

macrophages and some dendritic cells will endocytose almost any particulate, whereas 
other cell types -of: interest ma^ Pnly he weakly phagocytic. In either ease the uptake 
efficiency can be boosted substantially by designing the surfactant so that the surface of 
She emulsion particle has properties that promote cellular uptake in culture (i.e. "self- 

25 delivering" emulsion particles). The emulsion particle surface can be made to have 

lipophilic, or optionally eationie. properties via appropriate surfactant design, for example 
the. surfactant can incorporate lipids, such as cationic or neutral lipids, osl-in-water 
emulsions, micelles, mixed micelles, or liposomes, that tend to bind to or fuse with the 
cell's surface, thereby enhancing emulsion particle uptake. In certain embodiments, a 

30 colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome (i .e., an 

artificial membrane vesicle). The preparation and use of such systems is well known in the 
art. Suitable cationic lipids are described In the following and are herein incorporated in 
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mt entirety: Feigner et ah, 1917, FNAS S4 5 7413-7417; Eppsfeisl et at, U>$, Pal No, 
4,897355), (Rose, U.S. Pal. No, S^9,S«; Bppatm et al, U.S. Fat No, 5,283,185; 
Gebeyelni et at, UV8. Pat. No. 5^34,761; Nances al, U,;S, Pat. No. 5,527,928; Bailey et 
al, ITS, Pat. No, 5,552,155; Jesse, ITS. Bat M®, 5,378,475), Other approaches include 
3 incorporation into fee surfactant peptides feg. oligo-Arg9 and TAT-ilke peptides) thai 
facilitate entry into cells, or antibodies that target specific cell surface molecules. 
Additionally, in certain embodiments, one can incorporate small eaikmie proteins into the 
surfactant, such as protamine sulfate, to enhance cellular uptake. Prolamine sulfate is non- 
toxic to cells arid has FDA approval for ase tn humans as a heparin antagonist. In certain 
1 0 eotbodimenisyeolloidai dispersion systems are used, seen as macromolecule complexes, 
nanoamsules, microspheres; and heads. Other approaches for enhancing uptake of the 
emulsified fUtotocarbom, such as by using additional transfection agents or by using 
electroporation of the cells* is described herein, 

In preferred embodiments, emulsidt^ : ^ye. < ^6lf^eUvwjBg ,4 properties- without 
15 having ie add uptake enhancing reagents. Said emulsions are preferably stableahd have a 
shelf-life of a period of months or years. 

It is understood that surfactants and uptake enhancing reagents are not meant to be 
exclusive groups and: to som e cases tfsey may be overlapping. 

The term 4i acyF v ls art-recognized and refers to a group represented by the general 
20 fonnnla bydj'oearbylCCO)-, preferably aikyiC(O)-. 

The ten:n w aeylamino'' Is art-recognized and refers to an amino grotsp sobsthuted 
with an aeyl group and may be represented, for example, by the formula 
hydroearbylC(0)NB-. 

•tfee^rJu' "acyfoxy** iS-art*r?c»g?ii?fi4 and titers to a group represented by the 
25 ge:nerai formula hydrocarbylC(O)C)-, preferably aikylC(0}CK 

The term "alkoxy" refers to an alkyi group, preferably a lower alky! group, having 
an oxygen attached thereto Representative alftoxy groups include methoxy, ethoxy, 
propoxy, tert-hutoxy ami the like. 

The term "alkox yatkyl" refers to an alky! group substituted with, an alkoxy group 
30 and may be represented by the general formula alkyl-CMslkyl. 

The term "alkeuyH, as used herein, refers to an aliphatic group contairnng at least 
one double bond and is intended to include both "unsubsti toted aikenyls" and "substituted 
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alkeoyls"; the latter of which refers to alkenyl moieties having sub&ttaents replacing a 
hydrogen on one or mom carbons of the alkenyl group. Such snbstituents may occur era 
cue or more carbons that are included or not included in. one or more double bonds. 
Moreover, such substitueots include all thoso cornetnpl#ed fer aikyi groups, as discussed 
5 below, except where stability is prohibitive. Porex&mpfe, substitution of alkenyl groups 
by one or more alky!, carhocyolyk myh heterocyeiyh or heteroaryi groups is. contemplated. 

The term "alky!" refers to the radical of saturated aliphatic groups, nielndmg 
straight-chain alky! groups, branched -chain alkyl groups, cyeloaikyl (alioyelic) groups, 
alkyb substituted eycloalky! groups, and eyeloalkyhsubstituted alkyl groups. In preferred 

10 embodiments, a straight chain or branched chain alky! has 30 or fewer carbon atoms In its 
backbone (e.g., Cj-Cjotbr straight chains, C r Cj« for branched chains), and snore 
preferably 20 or fewer. Likewise, preferred oyeloalkyls have from 3-10 carbon atoms in 
their rlngslrucfere, and more preferably have 5, 6 or ? carbons in the ring stursrure. 

Moreover, the term "aikyi-Cbr 'lower a!kyl H ) as used throughout She specification, 

IS examples, and: claims is intended to include both "unsubsts tuted alkyls" and "substituted 
alkyls", the latter of which refers to alky! moieties having subsdtuents replacing a 
hydrogen on one or more carbons of the hydrocarbon backbone. Such subststuerds cm 
include, for example, a halogen, a hydroxy!, a carbonyi (such as a earboxyl, an 
aikoxycarboiryl, aformyi, or an acyl), a thioearbony! (such as a thioester, a thioacetate, or 

20 a thiofemiate), an alkoxyl, a phosphoryi, a phosphate, a photmhonate, a phosphinafe;,: an 
amino, an amido, an amidine, an imine, a eyano, a nitre, an azido, a sulthydryl, an 
alkylduo. a sulfate, a sulfonate, a sulfamoyi, a sulfonamide, a snlfoey!, a heteroeyclyk an 
srslkyl, ot an aromatic or heteroaromatic moiety. It will be understood by those skilled: in 
the ad that the moieties suhslituie^ m me hydrocarbon chain can themselves be 

2S substituted, if appropriate. For instance, the substitueots of a substituted alky! may include 
substituted and unsnbsbtuted forms of amino, azido, irnmo, arnido, phosphoryi (including 
phosphonate and phosphioate), soifouyl (melwding sulfate, sulfonamide, suifamoyi and 
sulfonate), and siiyi groups, as well as ethers, alfcyluhios, earbooyls {including ketones, 
aldehydes, carboxylat.es, and esters), -CF|, -CM and the like. Exemplary substituted alkyls 

3b are described below, Cyeloalkyls can be-further substituted with alkyls, alkenyis, alkoxys, 
alkyltkios, aounoaikyis, carbony! -substituted alkyls, -€h\, -CN, and the like. 
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The tent! Si £W 5 when i^^m^BjM^0n''^it:h,'$'3^ri^1 moiety, such as, acyl 
acyioxy, aikyb alfcenyi, alkytiyi, or aikexy Is meant to inctude groups that contain from X 
to y carbons in the chain. For example, the term "Chalky?' refers to substituted or 
unsubstitnted saturated hydrocarbon groups, ih^^tii^si^i'sht'*chdi : in alky I and branched- 
5 chain alkyl groups that contain fi&ift-x.is y earboM ia the Ohain y including haioalkyt 

groups such as triflC^E^^4et^^l::^3jcl "2^^^1i<^»CgRC3i^l*yl,- -<$t«5, CoaikyI indicate; a hydrogen 
where the group is in a terminal position, a bond If internal. Theterrns "C^aikenylP and 
"Q^alkynyP refer to substituted or unsebstiteied unsabsrated aliphatic groups analogous 
in length and possible substitution to the alkyts described above, but that contain at least 
1 0 one double or triple bond respectively. 

The term <v aikylamina% as used herein, refers to an amino group substituted with at 
least one alky! group. 

The term "alkylthioT as used herein, refers to 8 thiol group substituted with an 
alky! group and may be represented by the general fbrmuk alkyiS-, 
1 5 The term "alkynyF; as used herein, refers to an aliphatic group containing at least 

one triple bond and is intended to include both "unsubstituted alkynyls" and "substituted 
allvvnvis;',: the latter of which refers to alkvnvl moieties bavins* subsutuents replacing a 
hydrogen on one or more carbons of the alkynyl group. Such substituents may-occur on 
one or more carbons that are included or not included in one or more triple bonds, 
20 Moreover, such substituents InehJdoall those.eontenvplated for alkyi groups, as discussed 
above, excispt where stability is prohibitive. For example, substitution pfaifcynyi groups 
by one or more alkyi earbocyeiyl, aryl, heterocyclyl, or heterusryj groups is contemplated, 
the term "amide'', as used herein, refers to a group 




25 wherein R * and R* each independently represent & hydrogen or hydrocarby! group, 

or R 9 and R !y taken together with meMaiom to which they are attached complete a 
heterocycle having -from 4 to 8 atoms in the ring structure. 

The terms "amine" and ''Wiho^^.^i^ogntaed' artd-refer to both unsubstituted 
and substituted amines and salts thereofi e,^,, a moiety that can he represented by 
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f?;3 R* 
|--N or |~N~R !0 

k 10 Rio- 

wherein R % R* vsnd R :t> sash independently represent a h ydrogen carl 
hydroearhyl group, or E <J and R ia taken together with the U atom to which they are 
'attached complete a heteroeyele having train 4 id 8 atoms in the ring structure, 
5 T he term ''ammoaikyT, as used herein, refers to an alky] group substituted with an 

amino group. 

The term "aralkyf,. as used herein, refers to an alky! group substituted with an aryl 

group. 

The term ""aryl" as used herein include substituted or uusubsiituted single-ring 
10 aromatic groups in which each atom of the ring is carbon. Preferably the ring is a 5- to 7- 
rnemhered ring, more preferably a 6-membered ring. The term "aryl" also includes 
polycystic ring systems having two or more cyehe rings in which two or more carbons are 
common to two adjoining rings wherein at least one of the rings is aromatic, e,g: , the other 
cyehe rings can be eye ion Ik vis, eyeloalkersyls, cyeloalkynyls, aryls, heiernaryls>. and/or 
I S heteroeyclyls. Aryl groups include benzene, naphthalene, phenanthrene, phenol, aniline, 
and the like. 

The term ""carbamate*" is art-recognized and refers to a group 
O 0 

A„A...R 1t5 or A K ,A^R t0 

O N Wi N O 

wherein R. v and E R> independently represent hydrogen or a hydrocarbyi group, such 
20 as an alkyl group, or it* and R ft> taken together with the intervening atom(s) complete a 
heteroeyele having from 4 to $ atoms in the ring ^trnettue. 

The terms "carboeyele* "earboeyefyP's and "earfeocyeUc% as used herein, refers to 
a non-aromatic saturated or unsaturated ring in which each atom of the ring is carbon. 
Preferably a earbocyele ring contains from 3 to 10 atoms, more preferably from 5 to 7 
25 atoms. 

The term "earboeycfylalkyP 5 , as used herein, refers to an alkyl group substituted 
with a carboeycle group. 

The term "carbonate 5 ' is art-recognized and refers to a group -€KX>>-iv\ wherein R* 
represents a hydrocarbyi group. 
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The term "earboxyT as used herein, refers to a group represented by the formula 

-COjIl 

Th.e term "ester", as used herein, refers to a group <^(OJt}i* wherein R' v represents 
a hydrocarbyl .gm«p r 

5 The term "ether", m used herein, refers to a hydrocarbyl group 'linked through an 

oxygen to smother hydroearhyi group. Accordingly, m ether sttbstituent of s hydrocarbyl 
group may be hydroearbybO-. Ethers may be either symmetrical or unsymtnefoicaL 
Examples of ethers mciude s but are not bmited to, heteroeyele~0~hetereeyele atid ary!~0- 
heterocyele. Ethers include "alkexyalkyr groups, which mm be represented by the 

10 general formula alkyl-O-alkyl. 

The terms "haio^ and "halogen^' as used herein means halogen and includes chloro;, 
iiuoro, Drome, and todo. 

The terms "hetaralky!" and "beteroataikyF 5 , as used herein, refers to an sikyi group 
Substituted with a heiaryl group, 

IS The terms "hetefoary!" and "hetafyf include substituted or unsubstitoted aromatic 

single ring structures, preferably S~ to 7-membered rings, more preferably $- to $~ 
membered rings:, whose ring structures include at least one heteroatom, preferably one to 
four heteroatom s, more .preferably one or two heteroatonss. The terms 6 "heteroatyl <s and 
"hefaryl'" also include polycyclic nog. systems having two or more cyclic sings m which 

20 two : or rnofc carbons are common to two adjoining rings wherein at least one of the rings is 
heteroaroniatic, the other cyclic rings can be eydoalfcyls, cycloaikenyls, 
oyeioaffcynyls, aryls, heteroaryls, and/or heterooyolyis. Heteroaryl groups include, for 
example, pyrrole, furan, thtophme, inuda$oie, oxassole, tfhaxole, pyrazole, pyridine, 
pyra&ine, pyridasdne, and pyrimidine, and the like. 

25 The terra "heteroatonr' as used herein means an atom of any element other than 

carbon or hydrogen. Preferred hetematoms are nitrogen, oxygen, and sulfur. 

The terms "heterooyclyi", "hetereeycieT, and ".beierocyelic s! refer to substituted or 
^substituted non-aromatic ring structures, preferably 3- to 10-membered rings, more 
preferably 3- to 7-membered rings, whose ring structures include at least one heteroatom, 

30 preferably one to four heteroatoms, more preferably one or two heterohtoms. The terms 
"heterocyciyl" and "heterocyclic** also include poiyeyciic ring systems having two or more 
cyclic rings in which two or more carbons are couimors to two adjoining rings wherein at 
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least one of the rings is heterocyclic, e.g., the other cyclic rings can be eyeloalkyls, 
eycloalkenyts, eyeloalkynyis, mjM, heter^aryls, and/or fteterocyciyls, Heterocyclyl groups 
mblude, for example, piperidme, pipeline, pyrrolidine, merphoiiue, lactones, lactams, 
and the like. 

5 The term 'TeterocyclylaifcyF-, as used ]he^m v retes to an alky! group, substituted 

with a heteroeycle group. 

The term "hydroearbyi", as used herem, mi&vs to a group that is bonded through a 
carbon atom that does not have a =0 or :;:; S sufestituent, and typically has at least one 
carbon-hydrogen bond and a primarily carbon backbone, but may optionally include 

1 0 heteroatorns. Thus, groups like methyl, ethosyethyl, 2-pyridyk and trifiuoromethyl are 
considered to be hydroeafbyl for the purposes of this application, but sobstituents suchm 
acetyl (which has a -O substituent on the linking carbon) and ethoxy (which is linked 
through oxygen^ not carbon) are not. Hydrocarbyl groups include, but are not limited to 
aryl, heteroaryl, carboeycle, heterocycte, alkyt, alkenyl, aikynyl, and eombi nations thereof, 

IS Theterm "hydroxyslkyr, as used herein, refers to m alkyl group substituted with a 

hydroxy group. 

The term "lower 5 .when, used in conjunction with a chemical moiety, such as,: aeyl, 
aeylo^y, alkyl, aikenyl, alkynyl, or alkoxy is meant to include groups where there are ten 
or fewer holt-hydrogen atoms in the subshtneni. preferably six or fewer, A "lower salkyT', 

20! for examine* refers: to ah alky! group that contains ten or fewer carbon, atoms, preferably 
six p? fewer, In certain embodiments, acyl, aeyioxy, alkyl, alkenyl, alkyuyl, or alkoxy 
suhsthuents defined herein are respectively lower acyl, lower aeyloxy, lower alkyl, lower 
alkenyl, lower alkynyl, or lower alkoxy, whether they appear alone or in combination with 
other sobsiituents, such as in the recitafiona hydroxyalkyl and aralkyl (in which case, for 

25 example, the atoms within the aryi group are not counted whet? counting the carbon atoms 
in the alkyl substityeni). 

The terms ''polycyciyl", "polycycle", and "poiycyclic 1 " refer to two or more rings 
(u-g-s eyeloalkyls. cycloalkenyis, eyeloalkynyis, aryls, heteroarySs, and/or heterocyesyls) in 
which two or more atoms are common to two adjoining rings, e.g., the rings are "fused 

30 rings". Each of the rirsgs of the polycyele can he substituted or ansubstitutecl. In certain 
embodiments, each ring of the polyeycle eontains from 3 to W atoms in the ring, 
preferably from 5 to 7. 
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The term "st&Muted/' refers to mofeps iiavmg s^sti&sents i^ladng a hydrogen 
on one or more carbons M thebaeMwne. it wili be mxtemmd that "suhststution" or 
^substituted with: 5 ' foeludes the implicit ;:px3^kiE> ^t^u^:.^i^stttuti0» is in sceotclars.ee with 
permitted valence of the sub$tilu(#^#om;a^vS}e.^bs^ta«at,;^nd that the subsiitutien 
5 results in a stable compoursd } s^g., which does not spontaneously undergo traosfomuuiou 
such as by rearrangement^ eyeltzabom ehminstisn, Me, As used herein, the iemi 
^substituted" is contemplated to include aU pcmnssibie suhsthueofe of organic -corn-pounds. 
In a broad aspect the permissible sabstituents irjelude acyclic and cyclic, branched and 
unbraoched, earboeyebe and heterocyclic, aromatic and ao««aromatic suhstituents of 

10 organic, compounds. The permissible substituems can be one or snore and the same or 
different for appropriate organic compounds. For purposes of this invention, the 
hetemstorns such as nitrogen may have hydrogen substrhsents and/or any permissible 
sobstitnents of organic compounds describee herein which satisfy the valences of the 
keteroatbms, Substitueuts can include any substituents described herein, for example, a 

1 S halogen, a hydroxy I, a carhonyi (such as a earboxyS, an alkoxycarbonyi, a formyk or an 
acyl) f a ihiocarbonyl (sucb as a thioester, a thioaeetate, or a thioformatc),, an alkbxyd. a 
phosphotyt, a phosphate, a pimsphonate, a phosphinate, an amino, an amido, auaniidine, 
an hnine, a eyaoo, a nitro, an aside, a sulmydryL an alkylthio, a sulfate, a sulfonate, a 
sulfamoyi, a sulfonamide, a suifonyl, a heteroeyclyl. an aralkyi, or an aromatic or 

20 heieruaromalie moietyc It will he understood by those skilled in the art that the .moieties 
substitnted on the hydrocarbon chain can themselves be substituted, if appropriate. 

Unless specifically stated as ''nnsabstitutedf" references to chemical moieties 
herein are understood to include substituted variants. For examples, reference to an "aryf 5 
group or moiety implicitly includes both substituted and unsubstiinfcd variants, 

25 The term "sal fate' 1 is ari-reeognized ami refers to the group -OSOjH, or a 

phannaeeutically acceptable salt thereof 

The term "snimnamide" is art- recognized and refers to the group represented by 
the genera! formulae 

5 — s - n or •> >*q 
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wherein R* and R ! ° independently ^ or hydroearhyi, such as 

alkyi, or R 9 and R iy taken together with thrtotervenmg atom(s) complete a heteroeycle 
having from 4 to 8 atoms in the ring structure. 

The term ^sulfoxide'*' is art-reeogrdsed and refers to the gro up ~S(0)~.R*, wherein 
5 R* represents a hydroearbyl. 

The term "sulfonate" is art-rseogmasd m$ refers to the group SOjH, or a 
pharmaceutical!}-' acceptably salt thereofl 

The term "suifene" is art^recognixed a«rJ refers to the group -~S(0)rR' ! , ■ wherein R y 
represents a hydroearbyl, 
1 0 The term "thioalkyl", as used hetein s refers to analky:! group substituted with a 

thiol group. 

The term : 'ihioester% as used herein, refers to a group ~q©)Sr or ~SC(0)8l 
wherein R v represents a hydroearbyl 

The term "fhioether", as used herein, is equivalent to m ether, wherein the oxygen 
1 5 is replaced with a sul fur. 

The ierrn "urea" is at1*teeognteed and maybe represented by the genera! formula 
O 

N N 

wherein R» and R !S independently represent hydrogen or a hydrocarbyh such as 
aikyh or either occurrence of taken together with R !0 and the intervening atom(s) 

20 complete a heteroeyde having irons 4 to 8 atoms in the ring structure. 

Certain compounds of the present invention may exist in particular geometric or 
siereoisomeric forms. The present invention contemplates all such compounds, including 
cis- and trans-isomers, M- and S-enantiomers } diastereomers, (d)-isomers, (IHsomers, the 
raeende mixtures thereof, and othermixrures thereof as falling within the scope of the 

25 invention. Additional asymmetric carbon atoms may be present in a substituent such as an 
alky! group. Ail such isomers, as well as mixtures thereof are intended to be included in 
this invention. 

Methods of prcparmg suhstantiallyisomerically pure compounds are known in the 
art. If for instance, a particular enaoiiomer of a compound of the present Invention is 
30 desired, it may be prepared by asymmetric synthesis, er by derivation with a cbiral 

auxil iary, where the resulting diastereomeric mixture ss separated and the auxiliary group 
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cleaved to provide the pure desired enantlomers. Alteniatively, where the molecule 
contains a basse ibneilortai Jgre?\i|j, such as&mino, or: an acidic Actional group, such as 
earboxyh di^$efwm'fcp^s§lt$ :feay.^ : loi^^ ,: wh%.^' ; $3%fo^i3ste optically active acid or 
base, followed by resolution of the diastereonmrs thus formed by fractional crystallization 
5 or chromatographic means well known in .the art, and suhseo,aent recovery of the pore 
smmtio.me.rs. Alternatively* enantlomerieafly enriched mixtures and pure enantiomeric 
compounds can be prepared by using synthetic intermediaies that are enandomerically 
pure in combination with reactions thai either leave the stereochemistry at a ehiral center 
unchanged or result in its complete inversion. Techniques for inverting or leaving 
1 0 unchanged a particular stereocenter, and those for resolving mixtures of stereoisomers are 
well known in the art, and it is well within the ability of one of skill in the art to choose an 
appropriate method tor a particular situation. See, generally, Furotss m al {eds>>, 'Vbgd 
$n<&&ioped!& of Practical Organic Ckemstr? 5® Longman Scientific and Technical 
Ltd., Essex, 199), pp. 809-816; and HeJier^icrx Chem. Res. 23; 12$ (1990). 

15 

S- Cells and Labeling 

M;e!hods described herein maybe used with a wide range of cells, Including both 
prokarydtlc and eukaryotic cells, and preferably .mammalian cells. Technologies for cell 
preparation Include cell culture, cloning, nuclear transfer, genetic modi ficatidh and 

20 eiicapsul.au.on. 

A partial list of suitable mammalian cells includes: blood cells, myoblasts, bone 
marrow cells, peripheral blood Cells, ombilieai c#d blood cells, cardiomyocytes (and 
precursors thereof), chondrocytes (cartilage ceils), dendritic cells, fetal neural tissue, 
fibroblasts, hepatoeytes (liver cells), islet ceils of pancreas, keratinoeytes (skin cells) and 

25 stem cells. In certain preferred embodiments, the ceils to be used are a fractionated 
population of immune cells. Recognized subpopniations of immune cells include the 
lymphocytes, such as B iytsipbucytesXPe reeepfors, MHO class % CD19-r, CD2I+), helper 
T lymphocytes CD4+, CDS-), cytolytic T lymphocytes (CDiH, CD4-, CD8+), 

natural killer ceils (CD! 6+), the mononuclear phagocytes, including monocytes, 

30 neutrophils and macrophages, and dendritic cells. Other cell types that may he of interest 
include eosinophils and basophils. 
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Cells may be autologous (ge^ derived from the same individual) or syngeneic (i.e., 
deri ved from a genetically identical individual, such as a sypgeileic Httermate or an 
identical, twin), although allogeneic cells (i.e., cells derived from -a genetically different 
individual .of the same -^e^^y^-s^-t^i^pl^^ Although less preferred, xenogeneic 
5 (i.e., derived from a different species than the recipient) cells, smh as cells from transgenic 
pigs, may also be administered. When the donor cells are xenogeneic, it is -preferred that 
the cells are obtained from an individual of a species within the same order, more 
preferably : the same superfanhiy or family (e^g. when the recipient is a human, it is 
preferred that the ceils are derived from a primate, more preferably a member of the 
10 superhnnily Homlooidea}, 

Cells may, where medically and ethically appropriate, he obtained from any stage 
of development of the donor individual, including prenatal {e.g,. embryonic or fetal), infant 
; (&gs, from birth to approximately three years of tsge in humans), child (e.g.. front about 
three years of age to about 13 years of age tn hutstans), adolescent |e;g,, fern about 13 
.15 .years of age to about 1 S years of age in humaos), young adult {e.g., from about 1 & years of 
age to about -IS years of age in humans?, adult (from about 35 years of age to about 55 
years of age in humans) or elderly (e.g., from about 5.5 years and beyond of age in 
humans). 

In imany embodiments, cells are labeled by contacting the ceils with an emulsion of 
20 the imaging reagent, such that the reagent is taken up by cells. Both phagocytic and bob- 
phagocytic cells may be labeled by such a method. For example, as demonstrated: in 
Wd2OOSO^2^S0, both dendritic ceils (phagocytic) and gliosareoma ceils tnonmhagocytie) 
can be labeled by contacting the ceils with an emulsion of the imaging reagent. 

It certain aspects, & method of the invention may comprise labeling cells in vim 
25 with a iV F imaging reagent and detecting labeled cells in the subject. The cells to be 

labeled may be determined by speeihe properties of the cells such as phagocytic activity. 
The cells that are labeled may be controlled fey the route of adm inistration of the imaging 
reagent. The types of sells, that arc labeled may be controlled by the nature of the imaging 
reagent. For example, simple colloidal suspensions of imaging reagent will tend to be 
30 taken up mom quickly by ceils with phagocytic activity. As another example, an imaging 
reagent may be formulated with: or covalerstly bound to a targeting moiety that facilitates 
selective targeting of the imaging reagent to a pertienlar population of ceils. In certain 
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embodiments, fiudroearhon imaging reagent may somprise a compound of any one of 
formulae 28-37, Of 40-41 , #'F€^»0^l5^^^».«ij^€r,: 

In cerisin embodiments the cells to be labeled are stem cells. Stem ceil therapies 
are commonly used as part of air ablative a^inren fortreatmeni of cancer with high dose 
3 radiation and/or chemod^erapeutie agents. regimens genera! 1 y employ 

hematopoietic stem cells, or populations of ceils eoatsinins* hamatopoietic stem ceils, as 
may be obtained, tor example, from peripheral blood, umbilical cord blood or bone 
marrow. Cells of this type, or a portion thereof may be labeled and tracked in vivo to 
monitor survival and engratlmeni at the appropriate location- Other types of stem ceils are 

1 0 increasingly attractive as therapeutic agems tea wide variety of disorders; 

As an example, cells may be mouse embryonic stem cells, or ES cells front another 
model animal The labeling of such cells may be useful in tracking the fate of such cells 
adirunisiered to mice, optionally as part of a preclinical research pro gram for developing 
embryonic stem ceil therapeutics. Examples of mouse embryonic stem cells include: the 

IS SMI ES cell line described in M. Qiu et a!. t <m& Dm% 2523 ( 1 995), and the ROSA line 
describee! in C Friedrieh, P, Soriano, Genes Dcv 5, 1513 {1991), hnd mouse ES cells' 
described id US Patent No. 6,190,910. Many other mouse ES lines are available from 
lacksdn Laboratories (Bar Harbor, Maine). Examples of human embryonic stem cells 
Include those available through the following suppliers: Arena Bioscience, Inc., Foster 

20 City. California, Cythera, Inc., Sao Diego, California, BtesaOen, Inc<». Athens, Georgia, 
ES Cell fnternaoouai, Melbourne, Australia Gemn Corporation, Menio Park, California. 
Ootehorg University, Goteborg. Sweden. Karolinska Institute, Stockholm, Sweden, Maria 
Biotech Co, Ltd. - Maria infertility Hospital Medical Institute, Seoul, Korea, MizMedi: 
Hospital - Seoul National University* Swl > ..Kofe^.-J i l|jtioriai Centre for Biological 

25 Sciences/ Tata Institute of Fundamental Research, Bangalore, India, Pochon CHA 
University, Seoul Korea, Reliance Life: Sciences, Mombai, India, ReNeuron, Surrey, 
United Kingdom, StemCeils, Inc., Palo Alto, California, Teehnlon University. Haifa, 
Israel, University of California, San Francisco, California, and Wisconsin Alumni 
Research Foundation, Madison, Wisconsin. In addition, examples of embryonic stem cells 

30 are described in the following U S. patents and published patent applications; 6,245,566; 
6,200,806; 6,090,622; 6,331,406; 6,090,622; 5,S43 ,780; 20020045259; 20020068045. in 
preferred -embodiments, the human ES cells are selected from the list of approved ceil lines 
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provided by the National Institutes of Health and aceesstble at http://escr,«i!i.gcsv. In 
certain preferred embodiments, an entbryonie stem ceil line 'Is selected from the group 
comprising: the WAC$'Hne-«btamed from Dr, 1. Thomson (Untv.. of Wisconsin) and the 
UC01 and UCQ6 lines, both w fa&wtmntMiHmf&^y..- 
5 In certain embodiments, a stem eel! for use in disclosed methods is a stem- cell of 

neural' or neuroendocrine origin, such as a stern eel! from the central ner vous system (see, 
for example. US Patent Nos. 6,40^794; 4040^1 SO; 5,?S3,S0& 5,766,94b). neural crest 
(see, for example. US Patent Nos. 5,589,376; 5,824, 489), the olfactory bulb or peripheral 
neural tissues (see, for example. Published US Patent Applications 20030(103 574; 

10 20020123143; 20020016002 and Grind ei ai. 2002 J Neurosct 22{3):437-4S) T the spinal 
cord (see, for example, US Patent Nos. 6,361,996, 5,855,832) or a neuroendocrine lineage, 
such as the adrenal gland, pituitary gland or certain portions of the gut (see, for example, 
US Pstent'Nos. 0,1 71,61 0 and PC 1 2 cells as described in Eimtrnt et ai. 1 994 3. Bsdl 
Chens; 269; 18961-67). In preferred embodiments, a neural stem cell is obtained from s 

1 5 peripheral tissue or an easily healed tissue, thereby providing m autologous population of 
ceils for transplant. 

Hematopoietic or mesenchymal stem cells may be employed In certain disclosed 
methods. Recent studies suggest that hone marrow-derived hematopoietic (HSGs) and 
mesenehyniaS stem cells (MSCs), which are readily Isolated, have a broader differentiation 

20 potential than previously recognized. Purified HSC& not only give rise to hit cells in blood, 
hut can .also develop into cells normally derived from endoderm. like hepaiocytes (ICr&use 
etal., 2001, Cell 105: 369-??; Lagasse et ai. s 2000 Mat Med 6: 1229-34). Similarly, WSCs 
from peripheral blood and from umbilical cord blood are expected to provide a useful 
spectrum of developmental potential MSCs appear to be similarly muUipotent, producing 

25 progeny that can, for example, express neural cell markers (Pittenger et aL 1 999 Science 
284: 143-7; Zhao et ah, 2002 Exp Neurol 174: 1 1-20). Examples of hematopoietic stem 
cells include those described in US Patent Nos. 4,714,680; 5,061,620; 5,432,094; 
5,914,108; 5,925,567, $,763, 1 0* SpS{&&7;. 5^1.6,827;. 5 ? 643,?4 : ) ; 5,061 ,620. Examples 
of mesenchymal stem ceils include those described in US Patent Nos.. 5,436,359; 

30 5,827,235; 5,942,225; 5,972,703, those tleseribed in POT pubiieatfon nos. WO 00/53795; 
WO 00/02654; WO 98/20907, and those described in Pittenger et al and Zhao et si, supra. 
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Stern cell lines are preferably derived from mamnwls, sueh as rodents (e.g. mouse 
or rat)* primates (e.g» monkeys, ehhnpanzees or httjaaasfc pip, and ruminants (e,g« cows, 
sheep and goats), and -particularly ffern humans.- M certain embodiments, stem cells are 
derived from an autologous souree or art HLA4ype matched source. For example, stem 
5 cells may be obtained from a: subject in need of pancreatic bormoae-producsng cells (e.g. 
diabetic patients m need o!\iosuHn-produe%rg e«l|s) iimi cultured to generate autologous 
insul in-producing cells. Other sources of stern cells are easily obtained from a: subject, 
such-as stem ceils from muscle tissue, stem sells from skm (dermis or epidermis) ami stem 
cells from fat. 

1 0 In some preferred embodiments, ceils Ibr administration to a 'human should be 

compliant with good tissue practice guidelines set by the IkS. Food and Drug 
Administration (FDA) or equivalent regulatory agency in another country. Methods to 
develop; such a cell line may include donor testing, and avoidance of exposure to non- 
human cells and products. 

15 Cells derived from a donor (optionally the patient is the donor) may 'life 

administered as unftactionated or fractionated cells, as dicta ted by the purpose of the cells 
tO: be delieered. Cells may be fractionated to enrich for certain cell types-prior h> 
administration. Methods of fractionation are well known in the art, and generally involve 
both positive selection (i.e., retention of ceils based on a particular property) and negative 

20 selection: (i.e., ■elimination of ceils based on « particular property), As will be apparent to 
one of skill in the art, the particular properties (eg., surface markers) that are used for 
positive and negative selection will depend en the desired population of cells, Methods 
used for seieclion/enrichment of cells may include inuuunoaffinhy technology or density 
eentri legation methods, immunoamohy technology rnay take a variety of forms, as is well 

25 known in the art, but generally utilizes an antibody or antibody derivative in combination 
with some type of segregation technology. The segregation technology generally results in 
physical segregation of cells bound by the antibody and ceils not bound by the antibody, 
although in some instances the segregation technology which kills the cells bound by the 
antibody may be used for negative selection. 

30 Any suitable immunoaflnity technology may be utilized for selection/enrichment 

of the selected cells to be used, including iluoreseeuee-ucbvated ceil sotting tFACS), 
panning, imnruno magnetic separations iourmnoaiiMty chromatography, antibody- 
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mediated eurnplemeht fixation. -imiihiiiiioloX'm^ ^<»ti^ity"^ , a{|'i€Sit segregation, arid site like, 
After processing in the immunoafimlty process, the desired cells {the sells :boond by the 
inimunosffmity reagent in the case of positive seiectknu and cells not bound by the 
immunoaff3.ns.ty reagent in the case of negative selection ji are collected and ei ther subjected 
5 to further rounds of smmuaoafBnity seleeison/ende&rnent, or reserved lor administration to 
the patient 

immunoaffinity selectkm/enriefrmeot is -typically earned out by incubating a 
preparation of cells comprising the desired, cell type with m antibody or antibody-derived 
affinity reagent (e.g., an antibody specific for a given. surface marker), then utilizing the 

1 0 hound affinity reagent so select either for or against the cells to whieh the antibody Is 
hound. The selection process generally involves a physical separation, such as can be 
accomplished by directing droplets containing single cells into different containers 
depending on. the presence or absence of bound affinity reagent (f ACS), by utilizing an 
antibody bound (directly or indirectly) to a solid phase substrate (panning, immanoaffinity 

15 ebromatograpbyg Or by utilizing s magnetic field to collect the cells! which are hound: to 
toagneMe particles via the affinity reagent (iromunonmgoetie separation). Alternately,: 
hpdesitable cells may he eliminated from the preparation using an affinity reagent: which 
directs a cytotoxic insult to the cells bound by the affinity reagent- The cytotoxic insult 
may he activated by the affinity reagent (eg.,: eompiement bxatlon) s or may be localised to 

20 the target cells hy the affimty reagent te>g., immuootoxin, such as riein 8 chain). 

Although It is expected that methods disclosed herein will be frequently used for in 
vim monitoring of cells, it should he noted that the methodologies are equally effecti ve for 
the monitoring of cells in culture,, in a tissue sample or other ex idvo cellular material For 
therapeutic uses, cells may be labeled at a desired step during the preparation for 

25 administration to the patient 

A variety uf methods may he used to label cells with Imaging reagent In general, 
cells will he placed in eontact with imaging reagent such that the imaging reagent becomes 
associated with the cell. Conditions will often he standard cell culture conditions designed 
to maintain cell viability. The term "associated" is Intended to encompass any manner by 

30 which the imaging reagent and cell remain- in sufficiently close physical proximity for a 
sufficient amount of time as to allow the imaging reagent to provide useful information 
about the position of the cell, whether'** viv& win vitro. Irnaghig reagent may be located 
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mttatgHuiarly^ e.g.. after ph^jiqyt^^or-stfdaetaatra^dliated entry into the cell Immune 
cells, such as dendritic cells, macrophages and T cells are often highly phagocytic ami data 
presented herein and in other studies demonstrate that spjh. ceils, and other phagocytic cell 
types, arc readily labeled. Other cell types, such as stem cells may also be labeled, 
5 regardless of phagocytic activity. Imaging reagent may be inserted into a ceil membrane 
or covalcniiy or non-covalentiy bound to an extracellular component of the cell. For 
example, certain linear Ouoroearbons described herein may be derivntized to attach, one or 
more targeting moiety. A targeting moiety will be selected to facilitate association of the 
imaging reagent with the cell to be labeled. A targeting moiety may be designed to cause 

i 0 non-specific insertion of the fiuorocarboa:in«s a eel! membrane (e.g., a hydrophobic amino 
acid sequence or other hydrophobic moiety such -as a pahnitoyl moiety or myristoyl 
moiety} or to facilitate non-specific entry into the ceil. A targeting moiety may bind to & 
cell surface component, as in the case of receptor ligands. A targeting moiety may be a 
member of a specif 0 binding pair, where the partner Is a cell surface component The 

15 targeting moiety may be, for example, a ligand for a receptor, or an antibody* snob as: a 
monoclonal or polyclonal antibody or any of the various polypeptide binding agents 
comprising a variable portion of an immunoglobulin (e.g,, Fv fragment, single chain Fv 
IscFv) fragment. Fab* fragment, F(ab'}2 fragment, single domain a!itibody ! cam'eIfecd 
antibody, human! zed antibody, diahodies, tribodies, tetrabodsesf in certain embodiments,, 

20 fluorbeas'bon imaging reagent may comprise a compound of any one of formulae 1-1 ; 7 , ;:20- 
3:1, or 40-4! ? or Periluoro-l Strewn ether. 

Col blur labeling with flooroe&rhons emulsions can also be facilitated using 
transJeedon agents to aid in cell delivery. Often iransfectkm agents consist of cat ionic 
lipids, canonic liposomes, poly-cations, and the like. .The transection agent is pre-mrxed 

25 with the fTuorocarbon emulsion labeling agent, whereby it becomes associated with, or 
coats, the emulsion particles. The traustcction agent-treated emulsion particles are then 
added to the cultured cells and incobated so that the cells become labeled. Common 
transtechon agents include Lspofeetanhne flnvitrogen, ine) FuGene, DOTAP (Roche 
Diagnostics, Inc.), and poiy-L--lysine. Small proteins can also be used as tranxfeetlon 

30 agents, such as many types of protamines, Protamines, the major DM A -binding proteins in 
the nucleus of sperm in most vertebrates, package the DMA in a volume less than $% of a 
somatic cell nucleus. Protamines are simple proteins of low molecular weight, that are rich 
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in argimfte and strongly basic, Commercially available protamines conie from the spesnstt of 
salmon and certain other species of fish. The tern? "protamine? as psed herein, refers to s 
low molecular weight catbaie, 3rginiue-sloh poiy|5epiide> The protamine molecule 
typically comprises about 20 to ahont 200 amino acids and is gfejierally characterized by 
5 contahaag at least 20%, 50% or 70% argmrae. Protamines are. often formulated as salts, 
with one; or more counter ions soph as sulfate^ phosphate and chloride. 

Data provided in this applicaticn show that protamines (e.g., protamine sulfate) are 
highly effective in delivering PFFE finorocarbon emulsion particles to cultured cells. 
Suitable protamme sulfates ears come from a variety of sources (c.g. s salmon, herring, 

10 trout, etc.) and he of various grades and forma (feg., USP, grades II, HI, X, etc,), with and 
without histories or any recombinant derivative. Examples of other protamine solutions 
that may be used as trans faction agents Include protamine phosphate, protamine cbioride, 
protamine snIfate-2, protamine solfate-3, protamine sulfate- 10, ami protamine free bm& 
Data provided in this application shows self-deliverable aanoemulsions prepared 

15 with fluomcarhon Imaging reagents (e. g., a compound of any one of formulae 147, 20-37, 
or40~41) and incorporate either PEI or Protamine Sulfate, optionally with a block 
copolymer (Pluronic™) surfactant. Simple co-ineebation of cells witlreeriain self- 
deliverable nanoernulsions provides sufficient cell labeling tor imaging, without the need 
for transf&efion reagents. 

20 Cell eleetroporation can also- fee used to deliver fluorocarbon emulsion particles 

into .^I'fs,;^:^^^^^ .h^'M-:«^^g« l%* labeling is very rapid process, and it does 
notrequire the use of transaction agents. Many methods of cell electroporation are know 
in the art for a wi de range of cell types? and several commercially available eleeirppration 
'instruments are available (e.g., 8TX, Inc. Harvard Apparatus, inc., Arnsxa Biosysteots, 

25 inc., etc. }. Biectroporation is used to deliver nucleic acids, molecules, and small 

particulates into cells m vitro, Magnetoelectorporatioo has been shown to he effective for 
Mm. in ceil culture (Walczak P„ Magu Reson Med. 2OOS,0ehS4(4):?6O-?4}. Data 
presented in US provisional application No, 60/702003 demonstrated that cell 
el ectroporahon Is effective in delivering Iluear PFPE Huoroearbon emulsion parti cies into 

30 dendritic cells, and there is no harrier to using the same method to fluorocarhon -label 
many other phagocytic and non-phagocytic cell typesv such as stem cells. 
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Where cells are to fee used in a therapeutic regimen, various methods have been 
used to for delivery of colls incmding injections and tiserm special devsces to implant cells 
in various organs. The -present invention is not hod to any particular deli very method. Data 
presented herein demonstrate tfrat labeled cells rnay he monitored regardless of whether 
5 the ceils are delivered directly to a particular site or delivered systsmicaily. For example, 
labeled DCs were successfully imaged following either a focal implantation directly into 
tissues or an intravenous injection, and T^eelis were iotaged following Intraperitoneal 
injection. Cells may he inserted into a deliyery device which facilitates introduction by 
injection m implantation into the subjects. Such delivery devices; msy include ftibes, e.g., 

1 0 catheters, for injecting cells and fluids into the body of a recipient subject In a preferred 
embodiment, the tubes additionally have a needle, e<g. s a syringe, through which the ceils 
of the disclosure can he introduced into the subject at a desired location. The cells may be 
prepared for delivery in a variety of different forms. For example, the cells may be 
suspended in a solution or gel or embedded' in a support matrix when contained in such a 

13 delivery device. Cells may he mixed yeith a pharmaceutically acceptable canter or diluent 
i n which the ceils of the disclosure remain viable. Pharmaeeuttcalfy acceptable carriers 
and diluent's include saline, aqueous buffer solutions, solvents and/or dispersion media. 
The use of such carriers and dtinents is well known in the art. The solution is preferably 
sterile and fluid* Preferably, the solution is stable under the conditions of manufacture and 

20 storage and preserved against the contaminating action ofmicroorgamsms such as bacteria 
and fongi through the use of. for example, parabens. chlorobutanol, phenol, ascorbic- acid, 
thinierosal, and the like. Solutions of the disclosure may be prepared by incorporating 
ceils as described herein in a pharmaeeotically acceptable carrier or diluent and, as 
required, other ingredients enumerated above, followed by filtered sterilization. 




As described herein, nuclear magnetic resonance techniques may he used to detect 
populations of labeled cells. The term "deteet" is used to Include any effort to ascertain 
the presence or absence nf a labeled molecule or cell, particularly by a nuclear magnetie 
30 resonance technique. The term "detect" is also intended to include more sophisticated 

measurements, including quantitative measurements and two- or three-dimensional image 
generation. For example, MR! may be used to generate images of such cells, in many 
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instances, the labeled cells may fee adminiMered to a living subject. Following 
administration of the cells, some portion of the subject, or the entire subject, may be 
examined by MRI to generated MR! data set, A is daia set", as the term U used hem% fe 
intended to include raw data gat|ii^^ : 4]ttii^g,i«apMk-'^onance probing of the subject 
5 material, the acquisition parameters, as well as Intprmstipn processed, transformed or 
extracted from the raw data. 'Hie raw data includes transient signals obtained by 
MKI/.MRS, .including the free-induction .-decays, spir^eehocs. stimulated-echoes, .and/or 
gradient echoes. Examples of processed information include two-dimensional or three- 
dimensional pictorial representations of the subject materia!. The processed information 

10 may also include magnitude images, the real and imaginary image components, as well as 
the associated phase map images Another example of extracted information is a score 
representing the amount or concentration of imaging reagent or **f signal in the subject 
material, By using the amount of ! % signal in the subject material, and a calibration of the 
mean amount of imaging reagent per cell pre-implautatioriy one can estimate the absolute 

1 5 number of ce! is in: the subject material The amount of b 'f signal present in a subject 
materia! can he represented or calculated in many ways; for example, the average signal- 
to-notse-ratio (S'NR) of the *''F signal for a region of interest (ROl) may be measured and 
.used to calculate the abundance of labeled cells. In certain embodiments, the average 
|^j^iMty,-<*r : ipi.x<jj~ or v<5xeVwtse's«m«ptk^ dfthe F signal may be used to calculate the 

W abundance of labeled ceils, This type of data may he gathered at a single region of the 
subject, such as, for example, the spleen or another organ of particular relevance to the 
labeled cells. Labeled cells may be examined in contests other than in the subject, it may 
be desirable to examine labeled cells in culture. In certain embodiments, labeled ceds may 
he applied to or generated within a tissue sample ar iissoe culture, and labeled cells may 

25 therefore be imaged in those contexts as well. For example, an organ, tissue or other 

cellular material to be transplanted may he contacted with an imaging reagent to generate 
labeled cells prior to implantation of such ttansplant in a subject. 

'In general, labeling agents of the disclosure are designed for use in conventional 
MR! detection systems, in the most common implementation of MRI, one observes the 
30 hydrogen nucleus (proton, *H) in molecules of mobile water contained in subject materials. 
To detect labels disclosed herein, an alternate nucleus is detected, !9 F. J *F MRI has only 
sli'ghtly less intrinsic sensitivity compared to ! H; the relative sensitivity is approximately 
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0.83. Both have a nadear spin of *IZ2, The nat ural isotopic abundance of lJ F\$ 1 00%, 
which Is comparable to 99,^85% for 5 M. The physical principles behind the detection and 
image formation are the same for both *H and ! *F MRL The subject material is placed in a 
large static magnetic held. The field tends to align the magnetic moment associated with 
5 the ' H oj- S v F nuclei along the field direction. The nuclei arc perturbed from equilibrium by 
pulsed radio-frequency (RF) i^h$fmM. the l^na^rf^aeriey, which is a characteristic 
frequency proportional So the magnetic field strength where nuclei resonantly absorb 
energy. Upon removing the EF, the nuclei induce a transient voltage in a receiver antenna; 
this transietn voltage constitutes the uuclcar magrjetie resonance (NMR) signal. Spatial 
10 information is encoded in both the frequency and/or phase of the NMR signal by selective 
application of magnetic deld gradients that arc superimposed onto the large static field. 
The transient voltages arc generally digitized, and then these signals may be processed by. 
for example, using a computer to yield images. 

At constant magnetic field strength, the Larmor frequency of !!? F is only slightly 

I S lower %): compared to ! H. Thus, it is straightforward to adapt conventional MR1 
scanners* both hardware and software, to acquire f9 F data, Tte:'% detection sway be 
coupled with difiereht types of magnetic resonance scans^ such asMRf MRS Or ether 
techniques; Typically, it will be desirable to obtain a ! H MR! image to compare against 
the H> F image. In a living Organism or other biological tissue, the proton MRI will provide 

20 an Image of the subject .material and allow one to define the anatomical context Of the 

labeled cells detected in the !9 F image. In a preferred embodiment of the disclosure, data is 
collected for both ! F and 'hi during the same session: the subject: is not moved during 
these acquisitions to better ensure that she two data sets are in spatial registration. 
Normally, !9 F and '.H data sets a#acquired : aeo;uentiaiiy, in either order. An RF coil (i.e. 

25 antenna) can be constructed that can fee electrically tuned horn the iv F and % Larmor 

frequency. Tuning between these two frequencies can he performed manually (e.g. via an 
electro-mechanical variable capacitor or inductor), or electrically, via active electronic 
circuitry. Alternatively, with appropriate modifications to the hardware and/or software of 
the MRI instrument, both data sets can be acquired simultaneously, for ex ample, to 

30 conserve imaging time. Simultaneous acquisition of the S? F and * H data sets require an RF 
coil or antenna thai can he electrically tuned simultaneously to the iv F and '.H. Larmor 
frequency (i.e., a double-tuned coil). Alternatively the RF coil can be "broadband," with 
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one broadly-tuned electrical -resonance that covers both .Lsfma'r frequencies (ie. i ; F and 
! H), Other imaging techniques, sneh as fk\m eseenee deiectson may be coupled with '%* 
MM. This will fee particularly desirable where a OuofOOffiSon imaging reagent has been 
denvatixed with a fluorescent moiety, in other embodiments, the !9 F MR! scan may be 
5 combined with a PET scan in the same subject or patient by using dual-mode! radioactive 
**F/i'^F ft uor0C jj, r j5 On labeling reagents as described herein. 

MR! examination may be Qosdyeted according to. any suitable methodology known 
in the art Many different types ofMRi pulse sequences, or the set of instructions used by 
the MM apparatus to orchestrate data collection, and signal processing techniques (e.g, 

} 0 Fowler transform am! projection reconstruction) have been developed over the years tor 
collecting and processing image data (for example, see Magnetic Resonance Imaging?- 
third Edition, editors 0.D. Stark and W;G, Bradley, Meshy, inc., St Louis MO 
The reagents and methods of this disclosure are-nonied to any particular imaging pulse 
sequence or processing method of the raw NMR signals. For example, MR I methods that 

I S can he applied to this disclosure broadly encompasses spin-echo, stihtuiated-echix 
gradient-echo, free-ihduction decay based imaging, and any combination ihereoh Fast 
imaging teefenqo.es, where more than one fine in k-space or large segments of k-space are 
acquired from each excited signal, are also highly suitable to acquire the !<5 F (or ! .H) "data. 
Examples of last imaging techniques include fast spin-echo approaches (e.g. FSE }: turbo 

20 SF, XSE. RARE, or HASTE), echo-planar imaging (HP!), combined gradient-echo and 
sptn-eehp techniques O.g. GRASE), spiral imaging, and burst imaging. The development: 
of new and improved pulse sequence and signal processing methods is a continuously 
evolving held, and persons skilled; in the art can devise multiple ways to image the l5 f 
labeled ceils in their anatomical context 

25 As another example of a nuclear magnetic resonance technique, MRS can fee- used 

to detect the presence of Ouoroearfeon-labeled cells In localized tissues or organs. 
Normally MRS methods are implemented on a -■conventional NRi scanner, Often the 
localized volume of interest (VG1) is defined withm a conventional anatomical ! H MR! 
seam Subsequently, the magnhndeof the i9 F NMR signal observed within the VOI is 

30 directly related to the number of labeled cells, and/or the mean concentration of FFPE per 
cell present in the tissue or organ. Methods for isolating a VO! within a much larger 

1 10 
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sohjeeiate well known the art (fbrexarnpie, Mttgtmie Memnmwe Imaging, Third Edition, 
Chapter 9, Editors D,D. Stark and MM, Bfadley, Mmb$\Mc, } Si Louis MO 1999), 
.Examples include using a localized RF surface end near the VOf, surface spoiling, swrface 
coil B.|-gradie»t methods, sliee^eleeiive Bo'gradieni tedmiqne^ STEAM, PRESS, image 
5 selecti ve in. vivo spectroscopy (ISIS), arid magnetic resonance spectroscopic imaging 
(MRS1), The development of new and improved pulse sequence and signal processing 
methods is continuously evolving for MRS, and persons skilled in the art can devise 
multiple ways to defect the iS F NMR signals emanating from the ffuorocarhon labeled cells 
in VOIs, 

1 0 In certain embodiments the disclosure provides a method of quantifying the 

numbers of labeled ceils in vivo or in subject materials within an ROL An ROI may 
include sii labeled cells in a subject or labeled ceils in specific organs such as the pancreas, 
specific tissues such as lymph nodes, or any region or of one or more voxels showi ng 
detectable MRbMRS !N P signal A ROI can bean othenvise undefined area beyond: a 

15 particular; experiment. There are a number of ways that labeled cells may be qusntifieli in 
the subject materials: or in viva, as described herein. 

Calibrating the mean "cello iar dose" of W F labeling agent: predmpiantabon of a 
particular cell population is often a pro-requisite for quantitative cell determinations in 
subject ■■materials or the patient- It is anticipated that different cell types have different 

20 innate abilities to take up the labeling agentS:M;wrm:,,and thus the cellular dose of the 
labeling agent will also vary. Furthermore, different cells of the same type acquired from 
different sources {e.g., different patients) may have different affinities tor the labeling 
agent; Thus a cellular dose calibration may he required, litis calibration may he used, 
initially, to modify the labeiuig protocol fi.c. ; Jncubat5on conditions, duration of time that 

25 cells are incubated with labeling fiuoroearhon emulsion, concentration of fiuoroearhon 
eftiuisioa in culture medium during labeling, etc) to achieve a certain range of cellular 
dose before labeled cells are actually used in a subject to he imaged. Alternati vely, one can 
fix the labeling conditions and protocol and measure the mean value !<? F labeled per ceil, as 
is, for subsequent quanrt0e^i0ftim:^'Sttbj^it'O,:]be imaged. In certain embodiments the 

•30 mean number of >V F molecules iF's) per cell of a labeled Cell population is measured {i.e., 
calibrated} in vitro prior to administration of the cells to the subject or patient. In certain 
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embodiments the mean number of "F molecules (F'sj per ceil of a labeled cell population 
is calibrated m a test population of cells of a particuf ar typs no! neeessitrily destined for a 
patient, but used to calibrate cellular dose of labeimg ageutss a coosequeuce of a 
particular labeling protocol or sot of conditions; optionally, the value of cellular dose is 
.5 then used for future labeling and in wo imaging expennwnts in the same population type 
of cells wi th the same labeling protocol. 

The cellular dose of labeling agent cari be assayed in viiro using a variety of 
quantitative techniques. For example, one can use a one-dimenstonal (I D) !V FHMR 
spectrum obtained from a ceil pellet, cell suspension, or ceil lysate, of a known n umber of 

10 labeled ceils. Prom this spectrum, one can calculate the integrated area of (he *''P .spectrum 
or a -portion thereof originating from the labeling reagent associated with the eellsfThe 
integrated area of the } *F spectrum, denoted J ss ^, Is directly proportional to thedotal 
amount of ! ''P in the cell pellet, suspension, or lysate. To measure the absolute number qf 
!: 'F nuclei, die measured S ce u s may be normalised to a !v T standard.: A ' 9 P: standard ean bo, 

I S for example,, a solution of a known volume and concentration of a tluoro-chemleal, where 
ooe can calculate the total number of *%n«eiei in the standard, denoted A suitable 
fiuoto-chetnieal reference Ideally has a simple {V F HMR specirurm preferable with a single 
narrow resonaneeCe.^ 

is significantly different than the labeling fluorocarbon. The J V standard can he placed in 
20 the same F1MR tube as the labeled ceil material being measured, in a separate tube, or 

optionally can be measured in a separate experiment using the same NMR instrument. The 
integrated area of the spectrum front the (f> F standard, denoted $ $Ei> „, can then be measured. 
"Subsequently, the mean number of ^F per labeled cell, denoted P, :; , can be calculated, for 
example using the formula: 

25 where H^u. is the number of labeled ceils contained in the in mtro test sample, 

Quantitative NMR methods for i9 F and Other nuclei are well know in the art, and those 
skilled can devise many variations to the cellular dose calibration procedure described 
above. Besides iv F NMR, there are otber quantitative methods thai can be used to assay the 
cellular dose of the labeling reagent For example, a reagent may be labeled fluoreseently, 

3d lunhnesceutly, optically, or radioactiVely. 
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lit order to extract accurate quaniiffe^ the '" ? F MR I/MRS 

data sets, additional calibrations and standards may be employed. For example, one can 
use a calibrated externa! m F refpea#^ie. phantom) during the actual R F MRI/ivIRS scan 
of the subject material contalnmg labeled cells. The image intensity of the calibrated 
5 phantom is used when analyzing the ,9 F MRI/MRS data set to proved m absolute standard 
tor the number of ! *P nuclei when examining d:;e subject materia! or patient. The calibrated 
phantom is used to normalize the sensitivity of the particular M'Rl/MRS system that has 
been loaded with a particular subject to be images:- The **F reference may fee, for example, 
one or more vessels containing a solution of a known concentration of iS F nuclei- In 

1 0 preferred embodiments, the solution contains a dilute concentration of the emulsified 
ttooroearhon labeling reagent. Optionally, the solution contain* non-emulsified 
fluoroearbon labeling reagent, a gel, or liquid, for example that has been diluted in a 
suitable solvent. Optionally, the solution can be comprised of another fluoro-chcmieal, 
Mealiy with a simple NMR spectrum, preferable with a single narrow N MR resonance 

13 (e.g. triffeoroscetle acid (IFA) or tritluoroaeetamide (TFM) and other flnorinated acids, 
triflnorololuene or trifluoroethanol). In preferred embodiments, the T 1 and T2 values bf 
the inference sofetiob are similar to those of the labeling reagent.. Optionally, the solution 
cart contain perOuorocarbomlabetod cells, or lysaies of the same. The non-cellul ar 
reference has the advantage of longer storage times. Optionally, the solution can tafec the 

20 form of a gel, The vessel containing the solution is preferably scalable, and can take a 
variety of geometries: preferred vessel geometries include ellipse idal cylindrical, 
spherical, and parallel piped shapes. One or more vessels containing S>! F reference solution 
can be used during the iv F MRi/MRS of the subject material. If multiple iv F references 
(i.e. vessels) are used they can contain the same ! ' ! F concentration or different 

25 concentrations, and in the ease of the latter, uhey ideally contain graded concentrations of 
fiuorocheubcal The placement of the calibrated !> F reference vesseKs) can be placed 
preferably externally or alongside, or optionally inside, the imaged subject or patient prior 
to data acquisition. In preferred embodirnents, the reference is imaged using !V F MR! along 
with the subject m the same image field of view (F0Y), Optionally, !? T MRS data is 

30 acquired In the reference editor sequentially or in parallel with the subject data set. 

Optionally, data from the reference can be acquired using MRi.'MRS acqui red in a separate 
scan. Optionally, the external reference is not scanned along with a subject in every !v F 
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MRI/MRS exams oaiion 5 but rafher 5 values of the reference *F signal intensity acquired 
using MRI/MRS is used from a scan of a cdffiparabls subject or a simulated-subject. In a 
given ' T M Rf/MRS scan, the calibrated iS P stss^das^ may be s^Tjpled by one. or more 
voxels. The observable ! - 5 F intensity produced by a voxei nsay be proportional to the 
5 concentration of the fluoroehemieal in the solution (m gel) and the voxel volume. Often in 
a !<> F MRI scan the reference standard is comprised .'of many voxels. Often one calculates 
the mean intensity of one. several, or all voxels us She reference standard. Optionally, the 
mean image 'intensity is calculated over an RtMdefmed within the i9 F image of the 
reference standard. Optionally, the physical geometry of the reference standard vessel 

1 0 contributes to defining the observed * ¥ signal intensity; for example, the volume 

compartments) containing the % reference solution is smaller than the voxel volume. In 
other embodiments, the calibrated external reference relies on a solution with a ! H signal 
intensity of a known number of detectable j H; in this ease the sensitivity of the m V signal 
in the subject materia! is reference to a *H calibrated standard. Ideally the solution or gel in 

1 5 the -H calibrated reference {contained in a vessel: as described above) yields a simple 5 H 
NMR spectrum, preferable with a single narrow NMR resonance (e.g.j BjO, or mixtures of 
HjO-DjO). Other than a different nuclei, the use of the } H standard reference is the same 
in many other respects as described above for the reference^ Optionally, the calibrated 
reference standard contains any other MRI/MRS-active nuclei. In some embodiment, the 

20 reference is an internal organ or tissue detected via H MR.I/MR S 5 where the data may be 
raw or porrnalked. in other embodiments, the reference is a standard that vis not scanned 
with the subject, but is calibrated by relevant factors such as the weight of the patient or 
the sisse of the body cavity. 

By computationally manipulating or eombmurg two or more key parameters from 

25 the MJ F MRI/MRS data set, one can calculate the number of labeled cells present in an ROI 
as described herein. For example, a key set of parameters may include: {1} the cellular dose 
of labeling agent (i.e., F c ) measured in mtw;in)ix vivo i9 F MRI/MRS data set taken in the 
subject at one or more time points -ibitetiaitg- l-ab'ele<t.ceJ{ -administration; (in) the voxel 
volume; (iv) the in-plane voxel area £i.e,, area of the image pixel); fv) optionally, the 

30 MRI/MRS data set from the -*F referefsee standard; {vrj optionally,. the measured Johnson 
noise of the !< 'F MRI/MRS data in the subject material; fvil|optionaliy s the measured 
signal-to-noise ratio (SNR) of one or mote voxels of the ! MRI/MRS data set in the 
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subject material (vus) 'optionally* the measured -S$R of one or more voxels of the ' *F 
MRI/MRS data set Mm the reference standard; {ix} optionally, the *Y MMR relaxation 
times |Ti, T2, and T2*| of the subject material; (k) optionally, the '^F WMR relaxation 
times (Tl , T2, and T2*) of the reference standard (for example, see Magnetic Resonance 
5 imaging, Third Edition, chapter 4, editors 015. Stark and VV\0. Brad ley, Moshy, Inc., St. 
Loois MO 1999), Those skilled in the art can derive other parameters, combs nations of the 
above set, or derivations thereof parheniarly ix>oi the S ^F MRI/MES dataset, that can be 
used to quantify the number of labeled cells m-mtu. ln certain embodiments the above set 
of key parameters can be used to derive qoanthative or statistical measures of the accuracy 
1 0 or confidence of the measured number of labeled cells. 

There are many ways to combine the key parameters (i-x 5 above), any subsets of 
these, or any of their combinations or approximations, to estimate the 
effective number of labeled cells sees -fey iS FM'Rf in the subject material, denoted by r% 
For example, one can use ah equation of the form 

F5 where; N c total number of labeled cells m the ROl; [Fgl S! concentration of ^F in the 
calibrated SV F reference solution (or gel); v - voxel volume; Ir « : mean intensity of the 
Calibrated F reference taken with the MRI/MRS scan, averaged over one Or more voxels; 
Fc ::; average f ''F cellular dose of the labeling agent measured in vitro; Npoi - number of 
voxels m the RQ.f containing labeled ceils; \J- :> » image intensity of the i !:1 voxel in the ROl 

20 containing: labeled cells; 5 ::: unhless index for voxels in the ROl containing labeled cells. 

There are also many ways to approximate N £ fixrm the ,V F data set. For example, 
ode could use the expression 

/** i 

where V'** is the average intensity of the ROl containing the labeled cells, (i.e. the average 
intensity of the Nrqj voxels). As another example, one could nse 
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' s ■ « 

where Y & is tire total volume of the : R0lo©ntalain§4he labeled cells. A s a further example, 
■one could use 

5 . ir* V. I ,; 

to s - — A ; :1 

/ F F * 

wlsere is the effective volume of the teftenee in the i9 f MRI/MRS and Nr Is. the 
number nuclei in V*, Note thai iss all of the 'above formulas the various intensities (i.e.., 
S Is, 1 c av * f/ s! ) can be «ormalfeed to the imsgs noise, and thus the above formulas can be 
equivalently expressed in terms of the appropriate SNR values for the particular regions. 
Thus, there are many ways to estimate the number of labeled cells, K ; , and many similar 
forms of these basic expressions can be derived by baste rnatliemabcal manipulations, 
however, all rely on the same baste content contained" within the moot parameters 

1 0 described by (bx). Furthermore* quantification of labeled cells in an ROl need not be 
expressed In terms of absolute numbers or effective ceil numbers. Other quantitative 
indices can he derived that are indicative of the amoun t of cells in an ROl, For example, 
one can calculate the ratio l c * v ¥ij<, <>r die ratio of tbe average SMR vahies observed in the 
ROl and the reference; all of these fall within subsets of the above expressions andforihe 

15 parameters, 

it is noted that the above analysis of ceil numbers and related indices assume that 
the ■% NMR relaxation times (i.e., particularly Tl and/or T2) of the lluorocarhon label is 
approximately the same as material in the calibrated ' F reference standard. In the case 
that the relaxation times are not com instable, one of skill in the art can readily correct for 
20 this by employing the known MFJ intensity equations of the particular imaging protocol 
being used, expressed m terms of T? and T2, 

Optionally, the ^FMRI data set of the subject material can undergo post- 
processing before the actual cell quantification calculation is performed (as described 
above). For example, post-processing algorithms may include "de-nOssing" the **F data 
25 Set. life can be accomplished by, for example, by thresholding the image to cut off low- 
intensity noise; this involves wschhng the image intensity so that low values are set to 
zero. In magnitude MR1 images, random Johnson nofeo is often apparent and uniformly 
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distributed across the inmge FOV. It is well know hi the art that otto can threshold out the 
low-level image intensity so thai ^p0i^M@wn.lai^^t»' no true sigJHtl (he.- devoid of 
i!> F and/or I t nudes ) appear to have a nuH or very near-nut] intensity. This process can be 
perforated m an ad-hoe fashion (i.e. "manually" or by -visual inspection), or by using a 
5 computer algorithm. In other embodiments, de-noising .of the data sot cm he achieved by 
using other algorithms, for example using wavelet analysis, and many methods are known 
in the art for Image de-noising. The following references are incorporated so their entirety 
herein: Khare, A., et ah, INTERNATIONAL JOURNAL OF WAVELETS 
MULTIRBSOLUTiON AND INFORMATION PROCESSING. 3 (A): 477-496 DEC 2005; 

10 Oroz-Enriquea, H., et ah, IMAGE ANALYSIS AND RECOGNITION, 3656; 247-254 
2005; Awate, SF,, et ah, INFORMATION PROCESSING IN MEDICAL IMAGING, 
PROCEEDINGS, 3565: 677-688 2005; Ganesan, R., et aL HE TRANSACTIONS, 36 (9): 
787-806 SEP 2004; Seheunders, P., IEEE TRANSACTIONS ON IMAGE PROCESSING, 
.13 (4): 475-483 APR 2004; Ghiigre, NR., MAGNETIC RESONANCE I MAG INC, 21 (1): 

VS 913-92 1 OCT 2003; Bao, P., et aL, IIEE TRANSACTIONS ON MEDICAL IMAGING, 
22 (9): 1 089- ! 099 SEP 2003; Wo, ZQ., et ah, ELECTRONICS LETTERS, 39 (7): 603- 
605 APR 3 2003; LaConte, SM., et ah, MAGNETIC RESONANCE IN MEDICINE, 44 
m 746-757 NOV 2000; Laine, AE., ANNUAL REVIEW OF BIOMEDICAL 
ENGINEERING, 2: 511 -550 2000; ZarOabi $., et ah, MAGNETIC RESONANCE 

20 IMAGING, 18{I): 59-68. JAH 2000; Nowak, RD. , IEEE TRANS ACTIONS ON IMAGE 
PROCESSING, 8 fiO): 1 408- 1 4 1 9 OCT \999; and Mealy, DM., el al, ANNALS OF 
BIOMEDICAL ENGINEERING, 23 (5): 607-665 SBP-OCT 1995. 

Other types of post-processing algorithms are know in the art that can he applied to 
the l: T MR! data set before or after quantification, such as ^ero-liliing f A Handbook of 
25 Nuclear Magnetic Resonance, I* 1 Edition* Ray Freeman. Addison Wesley Longman Press 
1997) and various image interpolation, demising, and image smoothing algorithms (for 
example, see The Image Processing Handbook, 3^ Edition, John C. Puss, CRC Press/IEEE 
Press). 

hi certain embodiments the above set of key parameters (hx) can be used to derive 
30 Quantitative or statistical measures of the accuracy or confidence of the measured number 
of labeled ceils or related indices. ! % MRI/MRS data sets are often subject to SNR 
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limitations within ROi and thus it is often useful to calculate a metric of the confidence or 
accuracy of the measurement Many methods are known jn the art for the statist ical 
analysis of MR! mi. other hiomedieahtype imag^. The claimed embodiment Is 
understood to encompass these known methods. 

5 

5, Compter methods 

Methods for quantifying labeled cells will typically be .conducted, with the aid of a 
computer, which may operate software designed for the purpose of such cpaatificatioa. 
Such software may he & stand-alone program of it may he incorporated into Other software, 

10 such as Mill image processing software, figure 53 shows a. functional block diagram of 
general purpose compter system 200 for performing the functions of the computer 
according in m SHustcafiVe embodiment of the disclosure. The exemplary computer 
system 200 includes a central processing unit (CPU) 202, a -memory 204, and an 
Interconnect fens 206, The CPU 202 may include a single microprocessor or a plurality of 

I S nfieroeroeessors lor configuring computer system 200 as a multi-processor system. The 
memory 204 illustratively includes a main memory and a read only memory. The 
computer 200 also includes the mass storage device 20$ having, for example, various disk: 
drives, tape drives, etc. The main memory 204 also includes dynamic random access 
memory (DRAM ) and high-speed cache memory. In Operation, the main memory 204 

20 stores at least portions of instructions and data for execution by the CPU 202. 

The mass storage 208 may include one or more magnetic disk or tape- drives or 
optical disk dri ves^ for storing data arid Instructions for use by the CPU 202. At least one: 
component of the mass storage system 208 ? preferably in the form of a disk drive or tape 
drive, stores the database Used for processing the cell quantification of the disclosure. The 

25 mass storage system 20S may also include one or more drives for various portable media, 
such as. a floppy disk, & compact disc read only memory (CD-ROM), or ass integrated 
circuit non-volatile memory adapter (no. PC-MCJ A adapter) to input and output data and 
code to and from the computer system 200. 

The computer system 200 may also include one or more input/output interfaces for 

30 communications, shown by way of example, as interface 21 0 for data communications via 
the network 2 1 2, The data interface 2 10 may he a modern, an Ethernet card or any other 
suitable data communications .devke. To provide the tunctions of a computer, the data 
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interface 2 1 0 may provide a i^iadvdy M^-spesd !i«lc to a network 21 2. such as .m 
intranet, internet, or the 1«t^n^,..^h^"d>f^tly through bother i&teraa! interface. The 
cornnmnleation link to the=:^^:viif<»^ _2; : 12; ^anipi^ >^p^esi|l. ? wired, or wireless 
(e.g.,, via satellite or cellular network}, Alternatively, the computer system 200 may 
5 include a mainframe or other type of host computer system capable of Web-based 
communications vis toe network. 21 2. 

The computer system. 200 also includes suitable input/output port?;: or uses the 
Interconnect bus 206 for interconnection with a local display 21.6 m$ keyboard 214 or the 
like serving as a local user interface for programming and/of data retrieval purposes. 
1 0 Ahernativeiy, server operations personnel may mteraei with the system 200 for controlling 
and/Or programming the system from remote terminal devices via the network 212. 

The computer system 200 may run & variety of application programs and stores 
associated data in a database of mass storage system 208. One or more such applications 
may enable the receipt and delivery of messages to enable operation as a server, for 
I S ImptemeMmg server rattetions relating to quantification. 

The components contained in the computer system 200 are those typically found, in 
general purpose computer systems used as servers, workstations, personal computers, 
network terminals, and the like. In fact, these components are intended to represent ai 
broad category of such computer components that are well known in the art . Certain 
20 uspeots of the disclosure may relate to the software elements, such as the executable code 
and database tor the server hmetions of the quantification system. 

The disclosure will be more readily understood by reference to the following 
examples, which are included merely for purposes of illustration of certain aspects and 
embodiments of the present application, and are not intended to limit the disclosure. 

25 

EXAMPLES 

Data presented in WO20050727S0 demonstrated that immune cells and other cell types 
cells could readily be labeled with a tluoroearhon imaging reagent ex I'im^tmcl that Labeled 
cells could be detected t« vtv&. Data presented In US provisional application No. 
30 dO/792003 demonstrated the mrther feasibility of the disclosed methods is presented, 
including data demonstrating fnem vrvo quantification Of labeled cells. The exemplary 
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embodiment of the disclosure develop &&?4 -imagisg reagents and emulsions and 
evaluates their efficacy in tissue culture. 

1 ♦ Ifisaging- Reagent IVeparatten 

Simple,, very efficient and scalable synthetic methods are presented for PFPE 
derivatization and nanosmulsipn preparations, FFFE ester 39 proved to be a versatile 
starting material for synthesis of a variety of naxioparticies, including dual fiuoresce»t?M'F 
MRI reagents, self deliverable P FPE nsnoparticles and nanoparticles with highly efficient 
uptake in both phagocytic and m>:o~phagocytie cell types. Emulsions that promote eel Mar 
uptake s«d emulsions that would promote mim stability are presented. The emulsions 
produced were highly stable at storage temperatures (4 and 25 °C) and body temperature 
(31 v, €). Simple changes in the emulslfieation process and simple chemical modifications 
of PFPE end gronps allow ftfce luring:, of Mnopartiele properties inwards specific 
applications. 

.Examples of chemical modifications of 'PFPE end groups to variety of amides that can 
serve as both emulsion stabilizers or conjugation sites are presented. 

Synthesis of symmetrica! PFPE diamldes: 

In generalj PFPE methyl ester oil (39) was mixed with excess amine, either neat 
liquid or a solution of the amine in m appropriate solvent, as specified in Scheme 1, under 
inert atmosphere (argon or nitrogen) at room temperature. The reaction was allowed to stir 
i-3 days, depending on the amine rtpctivity, to allow complete conversion. When amine 
was added as a solid, trliluorotoiuene or triflnoroethanol was used as solvent and the 
temperature was increased to 40, 50, 60 or 70 ''C depending on the amine reactivity 
(Scheme 2), Reaction progress was followed by I H NMR monitoring the disappearance 
of the methyl ester peak (Figure 45). After reaction completion, high vacuum was 
employed to remove resulting methanol and the excess unreacted amine. When non- 
volatile 'amines were used, an acidic arjueous wash was used to extract excess amine, and 
the desired PFPE amide was extracted with appropriate solvent. A recent patented 
procedure (US 7,038,068 B2) describing purification of linear PPPEs by selective organic 
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solvent extractions* was «sed for FFFE amide : -derivative purification. When organic 
solvent extraction was not enough, adsorption to fluorous ghase silica gel (FluoroFlash, 
Piuorous inc.) and eiufion of the purified product -with methanol followed 'by 
triiluoroethanol or pertluorohe&anes was nserf Stfoctures of the FFFE amide derivatives 
were confirmed by | H f BC, I£F KME .^:MALOl-tt)!F-.j»ass spectrometry. Compounds 
1,2, and 6 were prepared according to this general procedures as i s shown in Scheme 1 , 
wherein s, independently for each occurrence, represents an integer from 4 to 16. 
Scheme I ; 
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General E&penmeoiaJ .Procedures 



OH 



•AH reactions were performed in flame dried round bottom flasks under a nitrogen Or argon 
atmosphere unless indicated otherwise. All reagents and solvents were purchased frorn 

I 5 Aldrieh, Acres, TCI or Lancaster Synthesis and used without further purification. THP and 
DMF were purchased anhydrous grade and used without further purification, ill and 13C 
NMR spectra were obtained on a Broker Avanoe 300 at 300 and 73 MBz in CDC! 5 unless 
otherwise noted. Chemical shifts were reported in parts per million (ppm) using the 
residual solvent signal as an interns! spmdard. *'& NMR spectra are tabulated as fellows; 

20 chemical shift, multiplicity (s ™ siiiglei, d . - doublet t - triplet, q - quartet, qn « quintet, m 
~ inutdplet, h ~ broad), number of protons and coupling constants). :j C NMR spectra 
were acquired using a proton decoupled pulse seqnenee with a pulse sequence delay of 5 
sec. '- y F NMR was obtained on Broker Avanoe 500 ai 4?0 MEz in water or acetone. 
Chemical shifts were reported as parts per million (ppm) using Trifiuoroaoebe acid as an 
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internal .■standi with i9 F chemical shift at -76.0 ppm. Low resolution and high resolution 
mass spectra (MS and H UMS, respectively} were obtained in positive ion mode by matxix- 
assisied laser desorption ionization (MAtDt) using a pesstaflnismhenzoic acid matrix 
(Marie, A.; Alves, £.; Foamier, E; Xsbeh J.Q.. Analytical Chemistry (2003), 75, 1294- 
5 1299} and an Applied Siosysiems 47Q0 MALM-TOWl'dE-MS . 



Feritttoropotyether diethyl mtM® (!}, General Procedure A, FFFE coupling to 

10 amines with low boiling point; A literature procedure was used with extensive 
modi fkaikms (Piaeenti, F.; CamaitL M. journal of Fluorine Chemistry (19M) S &8 S 227- 
235), Per0uoropoiyeiher methyl ester 39 (§1.0 g } 50 ml s 463 mmol, Ave MW «>■■ 1750) 
md diMhylamme (81.3 g, 1 15 rn.L, LI mol), were mixed in a round bottom flask (500 m'L} 
under an ergen atmosphere, and stirred at rooxtt teniperatare tor 72 h. The exeess: amine 

15: atid inetliaaol fotiised during the reaction were removed by vacuum. The resulting brown 
oil was hashed with TMF (200 ml,) and the oil and TIlF phase separated, lite lower phase 
was collected end the residual solvent was removed by vacuum, which afforded purified 
pertlnoropolyether diethylamide 1 (73.1 45 mL, 39.5 mmol 85 %) as a yellow to orange 
clear oil: *M mm ^QSMH*. fasemm) S €H 2 3.57 - 3,42 (411 m), CH 2 2,85 - 2.75 (4H 4 

20 to), CHj 3.27 ••• 1,90 (OH, rn), Clh 1.22 - U (013, m); :; 'C NMR (15MHz, d r 
trifluoroethanol) I OO 159.2 a, 7c-r ::: M&m OCF 2 120.2 (t, J c . f * 48Hz), OCFjCPj 
1 1 6 3 (L J c .f ■■■■■■ 44fe), CF 2 0 1 12.5 & J Cf ::: 48 H 2), CB 2 44.1, Cf-fe 43.8, CH* 34.0, CHj 
32,1; j % (500MHz, referenced TEA: -70.0) OCF 3 -58.4, OCi^Nhb -74.4, (CF 2 CF 2 0> - 
91.1; MS (MALD1TOF. positive ion) (CF ? €F 7 0}.<. 2194.9022 [M+Naf, {CF2CF2O);* 

25 207S.8904 [MtKaf, (CFjCPjO^ 1962.9107 fMrNaf, (CF>CF 2 0) }3 1840.9364 
#4*$t&f, (CF 2 CFrO) S2 1730.9573 [M*Maf, (C¥ 2 CFzQ)u 1614.9851 j[M+Naf\ 
(CFsCfsO)^ 1499.0309 (M*Naj\ (C:F>CF 2 0) 9 1499,0309 (M*r9a] , (CF:42F 2 C% 
1383,0537 [M+Haf, (CFjCFxCO? 1267.0799 [M-fNaf, (t2F 2 CFjO} & 1 3 53 A 030 [M+Naf, 
(CPzC?iO){. 1035.1268 [Ml49aj v . Only the mam mortomer repeats are shown. Mass 

30 spectrometry data shows a distribution of FFFE linear molecules with different lengths, 
(Figure 50) 
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f*erfl»or»poiyet|f«ar O-{2-41ydr0xy«tk>1)«tfea.wIaa?ld€ (2). Genera! procedure A. was 
5 used with some modifscaHons-. Z^^W^W^^y) e&anol (2,2 g, 20.9 mmol) was mixed 
with triethylamme (4.2 mL, 30 mmof) at room temperature in a round, bottom flask (100 
ml.) under an argon atmosphere. l^rOuoropolyether -.methyl ester 39 (17,5 g, 10,8 mL, 10 
mtftolj Ave MW » 1.750) was added/The reaction mixture turns brown and deaf 
Immediately while its tern perature rises to :A$*C. The reaction mixture is allowed fo cool to 

10 room temperature and stirring continued for 48 fe. The excess tnethylsmlne and methanol, 
formed: during the reaction, were removed fey vacuum. Tie crude reaction product was 
loaded on the Fluoro Flash short column (20 g) and washed with SOmL of acetonitrile; 
Elation with methanol (100 mL) and concentration in vacuo afforded perfluoropoiye&er 
0-(2-Hydroxyethyl)emanoian-5ide 2 (11,1 gv $$ mmol, 59 %) with average MW 1895, as a 

IS dark yellow Oil NMR (300 Mllas, 4-aeetpne) § NH 8.53 (2H, singlet), OCH 2 3.62 (8R 
t, Ju-h ** 3.1 m% €M 2 N 3 .53 (8!i t, </ H . H - 4.8 Hz), OH 3.30 (2H, singlet); i9 F (470 MHz, 
referenced TFA -76.0) p2P £ €<$NIH€H 2 ~78;8, (CF ? GF;jO) -S9.S , 



f 4 l n o 

20 

Perflnoroplyethcr Cyramlde {&). General Procedure B, PFFE eoapliag to amines as 
solids and high boiling point 4~f2-Aminoethyl) phenol (0.8 g, 6 0 mmoi) was 

dissolved -in ehlordfortn (25 mL) in a roudd bottom flask (100 nit) and tri ethyl amine (0.9 
g, 1.2 mL, 8,6 mmol) was added ladder m argon atmosphere at room temperature while 
25 stirring. Perfiuoropolyemer methyl ester 39 (5.0 & 3,1 mU 2.9 moieL Ave MW «= 1750} 
was added at once sad the reaction mixture was stirred at room temperature for 72 b. The 
excess iri ethyl amine and methanol fomied during the reaction were removed by vacuum. 
Previously reported Onerous solid phase extraction method was followed with some 
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modifications (Zhang, W.; Curran, D. Tetrahedron (:20t)bh £2, 11S37---I 1865). Fluorous 
silica gel adsorbs perfiuoropolyether and allows easy elotiou of all mn llnotinaied organic 
compounds. The purification procedure was as follows. The crude reaction product was 
dissolved in asetoue and loaded onto Fluoro Flasff M short eouuTsn (10g) packed wet with 
S aeetonitrile/waler (95:5 w'V), The etude PPPi ml 'm acetone was loaded by gravity and 
then the Pluoro Flash column washed with aeetonltrile/watcf (8:2 v/vj mixture (50 ml,) 
followed by methanol (200 mi): and juethaiiei/triflooroethanol (1:1 Wv) (100 ml). 
Fluorophilic .methanol fractions were collected, mi t\m residual solvent was removed by 
vacuum which afforded purified perfkiompolyether iyramide 6 (4.8 g, 2,5 mmoL 86.2 .%) 
U) with average MW 1950 as a ydlo^^; :: waxy--s6lidf 'Hl^&fll {300MH2,. d§-acet0«e) J- d3! 
CC#y 7.02 (4H, d, Jhm - 4.2 m% CM (CS4 6.75 <4H, d s J H . H - 4.2 Hz% C¥h 3.48 (4H, 
h J h .h ~ 1>8 H# CH* 2.76 (4FI, i, ,/ H . H - 7.5 Hz); !<i F (470 MHz, referenced TFA ~7&0, d 6 - 
acetone) OCT, -56.4 ; OCF,C0NCHj -78.9, (CF^D) -89.4, 

15 MME Analysts 

The '"F MMR spectra qan be used t©.- unambiguously distmguish PFFK; ester from FFPE 
amides; The CFjCOOMc preterminal in FFPE ester (39) uasaehenhoal slhS of -803 ppui 
(Figure 49}> hi the PFPB-diethyJ amide (1), the CF 2 CON preterminafhas chemieai shift of 
30 -74.4 ppm (Figure -48), and in the FFPB-tyramide conjugate where the end group has a 
secondary anhde* Ihe CFsCON preterminal has chemical shift of -77.8 ppm (Figure 52). 

hi the ease of the BODfPy-TR FFPE conjugate (compounds 16 and VI), the most 
diagnostic peak was the !v F on the dye at -127.7 ppm fhr CF 2 . These results indicate; the 
25 usefulness of -E NMR in the analysts of FFPE modilleahom, FFPE emulsion products, 
and the PFPE uptake evaluation irs target cells. 

Similarly, compounds 7 and 8 were prepared according to the reactions in Scheme 
2, wherein n, independently for each occurrence, represents an integer from 4 to 16. 
30 Scheme 2: 
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Syn thesis, of . Comp ositions;. 

Compositions comprising a compound of formula I and a compound of formula 
10; a compound of formula 1 and a compound of formula 12; and a compound of formula 

5 1 and a compound of formula 14 were prepared according to die reactions shown in 
Scheme 3„ wherein n, independently for each occurrence* represents an integer iiom 4 to 
M In general, PFPE methyl ester (39) was first reacted with a primary amine of a P EG 
moiety and the coupling was allowed sufficient time to complete, usually I -3 days at room 
temperature. The test of fVcCj unmodified esler cod groups were converted to diethyl amide 

10 in the final step., and after vacuum removal of the excess diethyl amine and methanol, the 
end product contained defined molar ratios of PEG coupled to PFPE blended With PFPE 
diethyl amide id }> The ratio, of two different modifications of PFPE end groups were easily 
confirmed by Ml and 1 3€ NMR. Any uncoupled primary amine was removed by selective 
organic solvent extraction, usually eihanol or THE. The composition comprising a 

IS compound. -Of formula 10 arid a compound of formula 1 was .produced in a molar ratio of 
1 :2. The composition comprising; a compound of formula 12 and a compound of formula 
1 was produced in -a molar ratio of 1:4, TTte composition compming a compound of 
formula 1 4 and a compound of formula I Was produced in a molar ratio of 1 : 1 0. 
Scheme 3: 
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■Compositions compri sing a compound of formula ! and a compound of fdnhiife 
16; and a Compound of formula I and a compound of formula 1 8 were prepared aecordm| 
to the reactions shown in Scheme 4y wherein ri» independently for each occurrence, 
5 represents an integer from 4 to 1 6, 



fluorescent "blended" 1WE amides (FBPA& 

General procedure. The fluorescent dps (FITC> BODiPy-TR and Mexa64?} were 
purchased from Molecular Bugene, OR as moofc-conjugates to 1 5 S--dianuoopestane 

10 {cadaverine}. where the unmodified prunary amine allows direct coupling to FFFE ester 
39, Our synthetic approach for increscent PPPEs relies on the highly efficient initial 
coupling of the primary amine of the : fluorescent dye conjugate to PFPE ester 39, as 
described in the model reaction above, Scheme 3, wherein complete: conversion i>99 %} is 



observed by M NMR after 41 h at si. The product is FBPA, a perfectly blended 
mixture of PFPB derivatives comprised at dye diHxmjugaie leg* compound 1% ! 9. or 4 1 ), 
dye ■mo:no~conjugate (e.g. } compound 16, 18, or 40} and PFPE amide 1 (Scheme 4), 

Briefly, fluorescent dye (FITC, BGDIPy-TR or Alexa647) eadaversne conjugate 
5 was added at 0.5 to 2.8 -m&l % m a solution of PFPE ester 1 m triflueraethanoi or 
perOuorohexanes. The reaction was allowed to proceed at room temperature under inert 
atmosphere for up to 48 h. ilhe.fematiMsg&ee, wttng&fMi PFP'E ester 39 end groups were 
converted to diethyl amide in the final step, and the excess unreached diethyl amine and the 
side product methanol were removed fey vaeunun Since the fluorescent dye was conjugated 

10 directly to only a portion of PFPB end groups thereby forming a secondary amide, white 
the remainder of PFPE end groups were capped with tertiary amide, fluorescence and 
UV/VIS absorbance measurements of labeled PFPE v?ere used for coupling efficiency 
estimates. Any uncoupled primary ammo was removed by selective organic solvent 
extraction, usually etbanol, or elated by floorophobie solvent (e.g., acetonitrlle/water, 4:1} 

15 ircnn thetluorous phase silica gel, 

PFPE ester 39 is fully soluble only in. trifluoroethanoh trivluorotoluene and 
perflnorohcxanes. Trill uoroethanol was the only solvent that solubsluses both the dye and 
the PFPE Oil. BODIPyiTPv cadaverine was added at low concentration (5 mg dye/1 ml. of 
PFPE oil) and allowed to react for 4$ h at r.t in trfcrpetbaaol or perfiuorohexaaes. 

20 
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I. .t fs 
39 



K ... W- 



HHSis exssxs; JO., m 



IS 



'' V V fc' 

33 



WPJvj. «xe«ss, 

HNi-u, assess, ?2h 



? j if S «f r 



w >i *• jo if 

SB 



<«1 «f 



!9 



f 1 




•<K»t 



a 



KJE l j. SXvfiSS. 

irtnuOroathSrtoS, 8.T., 48iv 



i 



T 

' >' If to' V^^^^y^ 



4S 



P : ' t i 



41 



128 



W0 2<S09/(Mm«5 



BO.DIPy-TR PFPE amide (FBPA composed of PFPE asraide !» If and 17), A flame 
dried round bottom flask 00 mi) was charged with ptxiMompslyzthm methyl ester 39 
(3,96 rat, 3.67 mmo!} under an argon atmosphere. BQDIPy-TR cadaverine (0.02 g, 0.04 
nitno'l} was added to PFPE oil as a solid and. after extensive stirring,, periluorohexane 
5 solvent was added (3.00 tnL) followed by triethykmme (1.30 mL> 10,8 rnmol). 
(Alternatively, triOuoroeihanol cm. he used ax a solventfor the fluorescent conjugate such 
that the 8QD!Py-T.R Cadaverine is. added as solution in triiluoroethanol. This approach is 
used on large scale.) The reaction mixture was allowed to $tk at r.'t for 48 h protected from 
light. Diethylamlne (9,50 mL, 91 j mmol) was added to convert all unreaeted ester end 

10 groups into tertiary amide, and the reaction continued for 72 h at r.t. The excess diethyl 
amine and methanol were removed by vacuum, and the final dark blue oil was foffher 
purified .as follows. The product was subjected to eihanol wash (lftmL), and then purified! 
by fittorous solid phase filtration. A FluoroFlash column was packed wet in 
acetooitrile/water (95:5 v/v>. Product was loaded on the column using negative pressure, 

15 The column was washed with acetonitriie (100 mL), and the fluorophdhte fractions 
combined, ■concentrated to dryness in vacuo and redissolved in frifiuoroethanol (20 mL). 
The column was then washed with TBF (100 mi.) followed by tritlooroethanol (SO mL), 
and the fiuorophihe fractions combined, concentrated to dryness and the residue dissolved 
in trifiuoroeihanol (20 mL), These solutions were used for spoctrophotonwtrie 

20 measurements. BODlPy-TR cadaverme was dissolved m trill uomethanoh and a standard 
curve: was constructed by measuring absorbanee at 593 run. The SODlPy-TR 
concentrations in the Ouoraphilie and fluorophohie fractions were estimated from the 
standard curve. BODfFy-TR coupling yield was 4d>Sfe ; and the final concentration of the 
increscent dye in neat oil was 4.o mM. The FBPA oil., was stored in the dark at r.t. until 

25 used for nauoemulsspn preparations. The absorbanee standard curve is shown in Figure 59. 

Due to' low concentration of the dye in FBPA, B and € MMR analysis did not produce 
useful data. The ftuorous phase extractions were performed to remove any uncoupled 
organic dye horn the highly lluonnated PFPE oil at the final step of the FBPA 
30 preparations. Ruorous phase solid exuaetions and 3UV" spectrophotometry were used to 
confirm the conjugation and to calculate coupling yield. 



